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Group problem solving tutorials have been in lise in the Depat1ment of Physics at the 
University of Cape Town for more than a decade. They are implemented with the belief that 
students have the 0pP0l1unity to develop problem-solving skills through interacting with eaeh 
other, and are able to make sense of physics concepts through conversation and reasoning 
\vith their peers. These problem solving sessions are supervised by tutors who are typically 
postgraduate students. The present project focused on understanding the role that these tutors 
play in facilitating learning in cooperative problem solving physics tutorials, and explored the 
factors that result in a group of students deciding to call a tutor, the different ways in which 
tutors interact with a group of students, and the factors which are related to the intervention of 
tutors that affect the learning outcomes in a physics cooperative learning session. Data were 
obtained from three sources: written surveys, interviews of tutors and mainly fi'om videotaped 
observations of student - tutor interactions in group problem solving sessions. A worksheet-
based analysis protocol was designed to facilitate the analysis of video segments involving the 
intervention of tutors. The results include a hierarchical level scheme that characterizes where 
the learning awareness of the students working in the group is focused. Whether or not the 
tutor is able to discern the level at which the group is operating was found to be the most 
critical factor affecting the quality of the tutor-group interaction and hence the progression in 
the students' understanding. A number of tutoring styles were identified which also affect the 
both the dynamics and learning possibilities in the group. The observations of tutors in action 
were contrasted with the learning expectations expressed by instructors, tutors and students in 
written questionnaires and interviews. The implications for tutor training and the design of 
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Life has no meaning, but its main goal is happiness 














Cooperative learning has grown in popularity among physics educators worldwide (Heller el al., 
1992) in the light of increasing research-based evidence that it contributes towards effective 
learning of physics. A typical physics group problem-solving tutorial will involve students 
working in groups of usually three or more on a set of questions given by the instructor. These 
sessions usually rely heavily on tutors to facilitate the session and to assist students as they 
work. 
1.1 Problem solving in physics 
Solving problems is the heart of the work of the physicist (Fuller, 1982). It is a process that 
involves following appropriate reasoning paths to obtain knowledge about physical objects or 
processes. It can be of either a qualitative or quantitative nature and may often be carried out as 
a modelling activity. A modelling strategy allows the application of scientific and mathematical 
knowledge to physical objects and processes (Hestenes, 1987), in order to provide a consistent 
conceptual representation of a phenomenon. Models result from the cognitive process of 
applying the design principles of a theory (Hestenes, 1992), and have different forms, 
mathematical or otherwise. 
Problem solving as a component of physics instruction is performed to enhance conceptual 
understanding of students. Reconciling everyday experience and intuitions with each other and 
with physics principles, which results from concept development, is thus, an essential aspect in 











construction of a knowledge structure is a necessary condition. This knowledge construction 
may be achieved when there is transfer of conceptual understanding from one context to 
another. 
Subsequent to a proper grasp of physics concepts, problem solving becomes an even more 
meaningful activity. More complex problems could be approached with a robust understanding 
of the concepts. Attaining competence in problem solving in physics is supposed to lead to 
development of critical thinking. It is supposed to develop intuition for the physical world. 
Ability to solve more complex problems experienced in the real world is the ultimate goal. 
1.1.1 Students' approaches to problem solving 
First year physics courses require problem solving which relies on conceptual as well as 
analytical reasoning, effective organization of knowledge and abstract representation of physical 
phenomena (Sharma et al., 1999). Students are asked to perform problem-solving activities with 
the belief that it will result in them leaming the physics. However, the way in which students 
approach solving physics problems is often very different from the way in which experienced 
physicists approach the activity (Van Heuve/en, 1991). Students' ideas about the nature of 
physics, as well as what it means to learn and be successful in physics affects the way in which 
they approach their own learning of physics. Students often view physics problems as isolated 
situations that require equations and formulae to determine some unknown quantity (ReiC 
1995). 
Many students regard diagrams and qualitative reasonmg as being subsidiary to learning 
physics. Backward means-end analysis, which mostly focuses on the manipulation of isolated 
equations from the beginning of the problem-solving process, is common with students (Van 
Heuvelen, 1991; Elby, 2001; Redish, 2003). Students hasten to find a formula, identify the 
knowns and the unknowns and then substitute in the numbers to get a solution. This is done 
with very little engagement that allows one to be able to develop any problem solving skills or 
reason qualitatively about the physics involved. This approach results from a limited use of 
conceptual knowledge when solving problems and is driven by an emphasis on obtaining an 
answer (Buffler & Allie, 1993). Maloney, 1994, states that means-ends analysis is a general 
heuristic process of identifying the goal, and then carrying out available operations to reduce the 
difference between the current state and the goal state. Many students in introductory courses 











responding to an interview by Heller et al., 1992, one student said, "I understand the material 
but ljust can't solve the problems", showing that to him problem solving is a separate aspect to 
understanding physics. 
Extracts from student interview dialogues, Linder, 1992 have been used to illustrate that what 
students perceive as practically useful in physics classes may be providing suppOJ1 for: students 
to rote-learn physics; the association of conceptual understanding with an ability to solve the 
stereotypical tutorial problems; and the diseouragement of coherent understanding. Simply 
demonstrating rote knowledge does however, not imply deep understanding or learning. 
Without learning with understanding, transfer to new situations or contexts rarely occur (Bybee, 
2002). The ability to solvc numerical problems has been dismissed as a reliable indicator of 
conceptual understanding (McDermott, 1991). 
1.1.2 Research-based methods for teaching problem solving 
A dominant theoretical framework on problem solving has been the information-processing 
fl-amework (Fuller, 1982; Maloney, 1994). It focuses on how an information processor takes a 
natural language problem statement, translates it into an internal representation on which it can 
operate, carries out the appropriate operations, and then outputs the results. A particular method 
following the information-processing framework will specity how to analyse a problem initially 
and how to make well-judged decisions in order to construct its solution. The general sequence 
involves initial problem analysis, construction of a solution and finally checking or verifying if 
the solution is satisfactory. The types of problem can be categorised broadly as qualitative or 
quantitative. 
Qualitative problems are those that involve non-formal methods that rely on descriptions in the 
form of words or pictures (Reif, 1995) and may be more effective to develop conceptual 
understanding than quantitative problems (Hewitt, 1998). Mullin, 1989, suggests that explaining 
the ideas of physics without mathematics is a powerful way to learn. Physicists depend on 
qualitative analysis and representation to understand and help construct a mathematical 
representation of a physical process (Van Heuvelen, 1991). 
Quantitative problems involve using formal modes of description, with precisely defined 











use of heuristics and could be solved by use of mathematics alone, The objective in this type of 
problems is usually to find the numerical value of an unknown quantity, 
The multi-representational problem-solving strategy is one of the newer methods that require 
the use of pictorial, diagrammatic, procedural, and mathematical physics skills (Reif, 1995; 
Van Heuvelen, 1991), A pictorial representation portrays the situation, step by step from the 
start to the end of a process, This helps in the construction of diagrams that are more physical 
depictions of the process, The diagram serves several purposes, ]t summarises the prominent 
features of a process and multiple diagrams can be used to describe more complex processes, 
Diagrams assist with construction of the mathematical representation of the situation (Van 
Heuvelen, 1991), The practice of constructing and interpreting diagrams of various kinds is 
claimed to contribute to the development of physical intuition (Hestenes, 1987), In using a 
multi representational strategy, the solution to a problem relies on a whole series of 
representations with the value of the unknown being only a small and final part of the solution. 
1.2 Cooperative learning problem solving tutorials 
Physics education research has and is continuing to provide alternatives that can be lIsed for a 
better and more effective learning of physics, It has brought about innovative methods in the 
teaching and learning of physics at university level, which comprises lectures, laboratories and 
tutorials. Some of these include interactive lecture demonstrations (ILDS) (Sokolof & Thornton, 
1997), peer instruction I conceptests (Crouch & Mazur, 2001), just-in-time teaching (JiTT) 
(Novak et al., 1999), Tutorials in Introductory Physics (McDermott & Shaffer, 2002), Activity-
Based Physics (ABP) (Steinberg & Sabella, 1997) and cooperative problem solving tutorials 
(Heller et ai., 1992). Most of these are based at least in part, on the outcomes of physics 
education research that seek to replace passive learning with active experiences (Laws, 1997). 
Amongst them, the use of cooperative-learning tutorials has grown in popularity, as more 
educators believe it results in better learning of physics through problem solving. 
Cooperative learning is based 011 theory and research and has a direct application to instruction 
(Smith et al., 1991), It came about as it became evident that the traditional transmissionist mode 
of instruction was insufficient. Much work has been done to show that a student's approach to 
physics and their na'ive problem solving strategies do not change by the end of their first year of 











evidence suggest that, when material is covered at the traditional pace, few students achieve a 
deep understanding of such topics as Newtonian mechanics (Elby, 2001). 
1.2.1 Reasons for using group work in physics teaching 
Cooperative-group tutorials give students opportunities to practice problem solving strategies 
until they become more natural (Heller et al., 1992), and it is based on the premise that groups 
can solve more difficult problems than individuals, and that each individual can then 
subsequently practice the planning and monitoring they need to become good problem solvers. 
In these sessions students can get practice developing and using the language of physics. 
Through this they can deal with and resolve their misconceptions (Heller ef al., J 992). 
Cooperative grouping provides a supportive environment for students to practise problem 
solving with access to help from experts in the form of tutors. It provides the context within 
which students' learning can be encouraged and optimised. The emphasis in the tutorial is not 
just solving the standard quantitative problems found in traditional textbooks but also on the 
development of important concepts and scientific reasoning skills (Van Heuvelen, 200 I). It is 
believed that group work is an effective activity that helps students learn complex skills. Redish, 
2003, says that for most individuals learning is most effectively carried out through social 
interactions, The social interaction, says White et al., 1995, is with physics as the context, and 
helps in the transition from high school to university physics studies. Cooperative learning 
practices a "none of us is as smart as all of us" theory (Johnson et al., 1992). Learning is not an 
isolated activity but rather a social activity influenced by among others local context and task 
formation. 
The benefits offercd by cooperative learning however cannot be achieved by simply putting 
students together into groups. Cooperation is not having students sit side by side at the same 
table to talk with each other as they do their individual assignments (Smith et al., 1991). Neither 
is it assigning work to a group of students where one student does all the work and the others 
put their names on the final product. It is not having students do a task individually with 
instructions that the ones who finish first are to help the slower ones (Smith et al.. 1991). 
Buffler and Allie, 1995, say that naive application of cooperative activities could produce 
adverse outcomes. Extensive group work for example might actually hinder the learning of the 
best students who spend their time dealing with other students rather than extending their own 











Proper structured cooperative learning is said to raise the achievement of all the students in the 
group (Johnson et aI., 1994). An overview of work on cooperative learning group indicates that 
students involved in cooperative learning schemes consistently outperform those in the more 
traditional teacher oriented systems (Heller et al., 1992; Hake, 1998). It builds positive 
interdependence among students. Students develop a positive attitude toward their own learning. 
In soliciting feedback from students who underwent a cooperative learning program at the Ohio 
State University, Andre, 1999, got responses like; "I really enjoyed the groups this time for 
physics"; ") like the focus on team work"; " ... r think team work in engineering may be the 
best decision ever made in college", to " I think cooperative learning is one of the most 
important aspects of the Gateway Program and one of the best reasons to participate in the 
Gateway Program". 
Prosser and Millar, 1989, say that students' attitudes to learning are crucial to their 
understanding of physics. Cooperative learning promotes higher-level reasoning, critical 
thinking and metacognitive skills necessary for meaningful problem solving. It is thus valid to 
say more effective learning is achieved. To achieve the benefits offered by cooperative learning, 
several considerations have to be made when implementing it. 
1.2.2 Factors affecting cooperative learning 
Current student life in secondary schools is dominated by competitive and individualistic 
activities that ignore the importance of positive interdependence (Johnson et ai., 1992). 
Introductory university courses that attempt to get students to work collaboratively or that try 
other techniques to engage in learning are often viewed by students as gimmicks, and thus 
simply to be tolerated rather than invested in (Bybee, 2002). Students' reluctance to participate 
productively in group problem solving thus cannot be overlooked or underestimated. The 
following are some factors that should to be considered when implementing cooperative 
learning. 
(a) Organisational factors 
Group size, assignment of roles, tutor-student ratio and the mechanism by which groups are 
constituted are some of the most frequently mentioned organisational factors that influence 











Three or four students per group is the optimal size according to Heller el [II. 1994. 10hnson et 
al. 1992, say that a greater individual accountability is obtained with a smaller sized group. The 
gender and performance composition of the group should be balanced. Another factor to be 
considered is that of equitable participation from all group members. The problem of dominance 
or passiveness by one student can be addressed by the assignment of roles to group members. 
The roles can be organised such that one group member becomes a recorder, another manager 
and the third being a skeptic. The length of time that group members should stay together is 
another factor that has to be considered. 
In designing cooperative learning workshop tutorials at the University of Sydney. formal 
assessment procedures were deliberately left out (Sharma el ai., 1999). This technique allowed 
students to openly discuss and work on problems, and to explore different avenues of solutions, 
without feeling that there was a one correct solution to be marked. It also meant that the 
atmosphere was stress free, conducive to independent learning, and student driven rather than 
assessment driven. The control and responsibility for learning was with the students. On 
responding to the evaluation of the workshop tutorials at the end of the course, one student 
commented, "Assessing the tutorials would be disastrous. It would put extra unnecessary 
pressure on the students. The tutorials encourage leaming the concepts because we want to, 110t 
because we have to". 
(b) Facilitators 
Another important factor that is influential in the running of physics group problem solving 
tutorials is the role that facilitators play. The tutorials involve students working cooperatively on 
tasks with assistance from a number of roving tutors (Allie & Buffler, 1998). These tutors are 
typically postgraduate students. They act as both facilitators and consultants (Smith et al., 
1991). The tutors are supposed to help students see the physics behind the questions and also 
help them with procedures in problem solving. They are there to see to it that problem solving 
becomes a meaningful activity for students. Another role for the tutors is that they should make 
sure that students are working cooperatively so as to enjoy the benefits offered by cooperative 
leaming. Many students see the tutor as having all the answers and may have a tendency of 
depending on the tutor to do the work for them or give them solutions. Many tutors likewise 











students as incompetent. As much as the students are the focus of the whole activity, the tutors 
are the pivot around which the whole activity revolves. Students view the tutors as expelis. 
In their Conceptual Understanding Program (CUP) at Monash University, Australia, Mills et 
al., 1999, say that an awareness of the following key principles for student learning is vital: in 
the learning process each student constructs his/her understanding; an atmosphere of trust 
promotes good learning: for active learning to take place, the person in charge facilitates 
discussion rather than provides 'correct answers'; concepts are most readily understood if 
studied in real life context. An understanding of these principles by tutors would therefore make 
their practice more effective. 
(c) Task design 
Setting appropriate tasks is a crucial skill for the instructor preparing a group problem-solving 
tutorial. The choice of questions such as context-rich problems that promote conversation is 
important. The nature of the problems is that they should be designed such that there is 
something to discuss initially (Heller et al., 1992). This helps in getting the attention of the 
entire group to focus on the tasks at hand. It also helps establish rapport. The problem must be 
complex enough so that none of the students can solve it immediately. Students should not be 
able to solve it in a few steps by plugging numbers into formulae. They must however be simple 
enough that the solution once arrived at can be understood and appreciated (Heller et al., 1992). 
The design of the problem is crucial to the development of problem-solving expeliise of the 
student (Van Heuvelen, 1991). The crucial factor in a task is to have some ground for 
interpreting problem solving and reasoning that use intuitive knowledge. Together with the 
above components an awareness of the variation in the understanding of a phenomenon to be 
learned is invaluable in preparing instructional material including task design in cooperative 
physics problem solving tutorials. 
1.3 Learning problem solving through variation 
The behaviourist, cognitivist and constructivist modes are some of the various paradigms that 











learning is only possible through variation. This presupposes that an approach to learning is 
therefore understandably and empirically related to the complexity of way of experiencing a 
phenomenon. Studies by Linder and Erickson, 1989, and Pong, 2000, suggest that because 
learning is about developing a more complex structure of awareness then variation is a 
necessary condition. 
Phenomenography is an analytic and descriptive research model that characterises the 
experience of a phenomenon such as learning into categories of description. It states that a 
phenomenon can be experienced in a limited number of qualitatively different ways. Here 
experience is characterised as the internal relationship that is constituted between individuals 
and phenomena. Instead of studying learning per se. a phenomenographer would study the 
experience of learning and the outcome of such a study would be qualitative descriptions of the 
variation found in the experience of learning (Malion et al., 1993). It was initially concerned 
with student learning and included descriptions of the variation in ways of experiencing the 
processes of higher education (Marton el al., 1997). Recently the focus is on the qualitative 
variation in the way the student's object of study is understood (Prosser & Trigwell, 1999). 
Studies on relationships between way of experiencing a phenomenon and approach to learning 
about a phenomenon have been done qualitatively and quantitatively at both task and topic level 
(Prosser et al., 1996; Prosser & Millar, 1989). 
While a well designed task is vital for the promotion of active learning and the construction of 
one's internalised meaning, "variation" is another essential aspect in learning. The variation 
refers to characterising a way of experiencing a phenomenon such as a problem solving learning 
task in terms of its critical aspects as discerned by the learners. Bowden and Mal10n, 1998, 
claim that, "Without variation there is no discernment. Learning in terms of changes or 
widening our ways of seeing the world can be seen in terms of discernment, simultaneity and 
variation". For learning to occur there needs to be discernment of variation. A task design 
focusing on variation in ways students experience learning through problem solving in a physics 
tutorial must include a range of individual's experiences. The construction of the whole problem 
should aim at maximising the possible variation. In group problem solving tutorials, different 
students bring about different views in discussing problems. This results in the variation in 












1.4 The present study 
Cooperative problem solving physics tutorials are often based on the assumption that both 
students and tutors understand what the instructor intends to happen, and that the tutors know 
their role and contribute meaningfully to the session. However, the role that facilitators play in 
effective running of group problem solving tutorials has not been well studied. 
McDermott, 2001, says that tutorials require ongoing preparation in both the subject matter and 
instructional method of tutorial instructors. In view of the scarce information about the central 
role of tutors in physics group problem solving tutorials, this study intended to look at the 
following: 
~ What are the factors that result in a group of students working in a physics cooperative 
learning tutorial deciding to call a tutor? 
What are the different ways in which tutors interact with groups of students? 
What are the factors that affect the learning outcomes in a physics cooperative learning 
tutorial, which are related to the intervention of tutors? 
The study obtained data from three sources: written surveys, interviews of tutors and videotaped 
observations of student-tutor interactions in group problem solving tutorials. The surveys and 
interviews served as a basis for understanding what students and tutors perceived to be the 
purpose of group problem solving tutorials. The video observations, which constitute the core 
data of the study, captured the actual interactions between students working on problems in 
groups, and in interacting with tutors. The video data was then analysed by looking at the 
variation in the focus of students when working on tutorial tasks. The array of approaches used 
by tutors in assisting students was also looked at. By integrating results of the analyses with 
other work on group problem solving tutorials (Heller et al., 1992; Linder et al., 1997), 












Tutors' and students' expectations of 
physics tutorials 
2.1 Written surveys 
In order to understand how the students themselves view the purposes of small group physics 
tutorials, a written survey instrument was designed based on the Maryland Physics Expectation 
Survey (Redish et al., 1998), Appendix A. These items explored whether students view physics 
knowledge as a collection of pieces or as a more integrated whole (coherence); whether they 
view physics as consisting more of formulae and facts or as a set of ideas (concepts); the extent 
to which they view physics as connected to their lives outside the classroom (reality link); and 
the extent to which cel1ain varieties of sustained effort lead to success in physics class (Elby, 
2001). The full survey (25 items) was administered to 203 first year engineering physics 
students and 122 first year (science) physics students after their first semester at university. The 
students had pal1icipated in weekly small group tutorials during this time. Seven physics tutors 
and nine physics academics at UCT also completed the same survey, although the tutors and 
lecturers were given statements, which probed what they thought the students' views were. For 
example, in the survey given to tutors and lecturers, an item like statement number 19 (see 











The following instructions were given on the survey: 
Here are 25 statements, which mayor may not describe your beliefs about first year physics at 
UCT. You are asked to rate each statement by circling a llwnber between I and 5 where the 
numbers mean: 1: Strongly Disagree 2: Disagree 3: Neutral 4: Agree 5: Strongly Agree. 
Ansvver the questions by circling the number that best expresses your feeling. Work quick~v. 
Don'( over elaborate the meaning of each statement. They are meant to be taken as 
straightforward and simple. If you don 'f understand a statement leave it blank. If you 
undersland but have no strong opinion, then circle 3. 
The questions in the survey were designed around three broad categories: ideas about physics as 
a discipline, ideas about learning physics and ideas about small group problem solving tutorials, 
The tutors' questionnaire had an additional section, which allowed them to express what they 
think about the purposes of small group physics tutorials, together with their role as tutors in 
these tutorials, 
2.2 Results of the surveys 
The 25 items in the survey were sorted into three broad categories and are presented in Tables 
2.1, 2.2 and 2.3. The average of the numerical responses from students (S), tutors (T) and 
lecturers (L) are also presented. 
Table 2.1 Survey items relating to physics as a discipline. 
Average 
No Statement S T L 
I One of the main skills for students to get out of Physics I is to learn 
how to solve physics problems. 4.1 4.1 4.3 
12 The physics lecturers should think about their own experiences as 
students and relate them to the topic being taught in lectures, 3,9 3.6 3.4 
17 An important skill for students to out of Physics I is to learn how to 
reason logically about the everyday world. 4.2 4.4 4.6 
19 I think that physics has little relation to what I experience in the 
everyday world. 2.2 3.9 3.4 
24 Physics should help me better understand situations in everyday life. 
4.0 4.4 4,2 
25 It is possible to pass Physics I without understanding physics very 











All three groups agreed that physics should help students better understand situations 111 
everyday life (item 24). However students differed with tutors and lecturers on the statement 
that said physics has some relation to what they experience in the everyday world (item 19). 
Although all agreed that one of the main skills for students to out of Physics I is to learn 
how to solve physics problems (item I), students generally disagreed with the statement that, it 
is possible to pass Physics I without understanding physics very well (item 25). 
Table 2.2 Survey items relating to learning physics. 
Average 
No Statement S T L 
2 When leaming physics, I find helpful to make explicit connections to 
the everyday world. 3.9 4.1 4.8 
3 I think that "problem solving" in physics basically means matching 
problems with equations and then substituting values to get a number. 2.4 3.9 4.1 
5 I spend a significant amount of study time trying to understand the 
derivations or proofs given in class. 2.8 4.0 3.8 
6 I think that it is important for the lecturer to explicitly develop problem 
solving strategies in lectures. 4.3 4.0 4.1 
7 I use my physics textbook regularly. 3.6 3.6 2.7 
8 When an exam or test is marked, most marks should be allocated to the 
final answer only. 1.6 1.3 1.7 
9 I find that the best way for me to learn physics is by solving many 
problems rather than by carefully analyzing a few in detail. 3.7 3.0 3.1 
14 I think that spending a lot of time (half an hour or more) working on a 
single physics problem is a waste of time. 2.9 2.9 1.7 
15 I think that I do not have to understand the concepts behind the equations 
used to solve a particular problem. 1.8 3.5 3.2 
16 When first year physics exam problems are marked, a significant 
emphasis should be placed on the problem solving method used. 3.9 3.4 3.8 
21 The most crucial thing in solving a physics problem is finding the right 
equation to use. 3.3 1.7 2.4 
22 I think that if I have all the required equations on my formulae sheet, then 
I will do well in the exam. 2.6 3.0 3.4 
All agreed that it is helpful to make connections to the everyday world when learning physics 
(item 2). Lecturers had a stronger opinion on the issue. Everyone generally agreed that lecturers 
should explicitly develop problem-solving skills in lectures (item 6). Tutors and lecturers 
thought that students believed that they did not have to understand the concepts behind the 
equation used to solve a particular problem (item 15). Students generally disagreed with the 
statement. They also confirmed this by saying a formulae sheet is not all that they required to 











Table 2.3 Survey items relating to group problem solving tutorials. 
Average 
No Statement S T L 
4 I think that working with other students in small group problem solving 
tutorials is an effective way for students to learn physics. 4.0 4.0 4.0 
10 I think that it is necessary for the lecturer to meet regularly with the 
tutors in his or her class in order to prepare them for tutorials. 4.3 4.6 3.2 
II The main role of the tutor in a tutorial is to assist the students with 
conceptual understanding, rather than providing us with the right answers 
to the problems. 4.4 4.7 4.6 
13 In order for small group tutorials to be effective. the tutors need to be 
appropriate Iy trained. 4.5 4.6 4.1 
IS The lecturer should attend the afternoon tutorials for his or her class for 
at least part of the time. 4.2 4.1 3.3 
20 I think that physics tutorials are very useful. 4.0 7 " ~ . .) 2.9 
7" ~.) When I solve a physics problem, I explicitly think about the concepts that 
underlie the problem. 3.S 4.9 4.4 
Students claimed that small group problem solving tutorials are an effective way for them to 
learn physics (item 4). Lecturers and tutors views supported the students' claims. However there 
was a difference of opinion regarding the statement that tutorials are very useful (item 20). 
Students agreed while tutors disagreed by saying that they do not think that students see the 
usefulness of tutorials. Lecturers did not have any strong opinion on students' views about this 
issue. Students and tutors felt that it was necessary for the lecturer to meet regularly with tutors 
of his or her course to prepare them for tutorials (item 10), while the lecturers did not 
necessarily agree. However, all did agree that in order for small group problem solving tutorials 
to be effective, tutors need to be appropriately trained (item 13). The lecturers belief that 
students thought that the main role of a tutor was to assist students with conceptual 
understanding rather than providing students with the right answers to specific problems was in 
agreement what students said (item 11). 
2.3 Interviews with tutors 
After completing the survey all the tutors were interviewed concernmg their views about 
tutorials. They were all MSc and PhD students with tutoring experience ranging from one to ten 
years. The interviews were transcribed and analyzed in the following categories: purposes of 
tutorials, the role of the tutor, the advantages of cooperative learning, and problems encountered 











2.3.1 Purpose of tutorials 
Some tutors claimed that the purpose of tutorials was to develop conceptual understanding 
while others said that it was to develop problem-solving skills, or to provide students with the 
opportunity to practice them for what they will meet in tests and examination. All the tutors 
questioned whether the students themselves really understood the purpose of the tutorials. This, 
they claimed, was supported by the fact that students sometimes struggled to complete one 
question to its final numerical solution, at the expense of understanding principles and 
approaches involved in all the questions, as illustrated by: 
Sludems do no! necessarily understand the purpose of the tutorials; otherwise they wil1 
not slick to number one until they finish it. 
One tutor suggested that if the tutorial was to be effective, then the questions should be linked to 
each other: 
Questions shouldn't be independent, they are but they shouldn 'f. 
2.3.2 Role of the tutor 
Tutors saw their role as being available to help the students understand the physics behind the 
problems, and they emphasized that assisting students with conceptual understanding was one 
of their major duties. Many stated that they really should know what they are going to talk about 
before they help the students, as illustrated by: 
There is nothing worse for students to have a tutor coming to them and eAptaining the 
incorrect thing. Students see tutors as experts. 
2.3.3 Effectiveness of cooperative learning 
Most tutors agreed that group work would be more effective if better structured. They 
highlighted that the students themselves appeared to be unaware of the purpose of cooperative 
group work. For example, one student from a group often calls a tutor while others continue to 











constituted, as was the case, and suggested that students with similar academic ability should be 
made to sit together. One tutor said: 
The better students will actually gain more because they are the ones doing the problem 
solving. Struggling students just sit and watch. It's important for the tutor to kno}/' if 
there are students in a group who are struggling. 
2.3.4 Problems encountered 
Tutors were concerned that students think the purpose of tutorials is just to get solutions for the 
problems. They were also concerned about the apparent lack of motivation from students, for 
example: 
Students should be self motivated, but what Tn! noticing over the last ovo years is thai 
students have been less and less motivated, on the tutoring side it's more and more ... 
the}' sit there with a blank face, you can see that the brain has not switched on. They are 
simply waitingfor you to write the answer and thal 's all they want. 
A 11 tutors emphasized the fact that if tutors are not aware of the approach used by the lecturer in 
class and what he I she wants to be emphasized in tutorials then productive tutoring will always 
be difficult to achieve: 
You can't expect the tutor to explain all the work jiYJI11 scratch, if's frustrating for the 
tutor and it puts the tutor in a bad mood. 
Another problem is that sometimes the tutors themselves do not understand the work. 
The lecturer should know how much the tutor knows. 
2.4 Summary of views about tutorials 
The analysis of the written surveys suggests that there are slight differences between what 
lecturers and tutors thought about the way that students generally view physics as a discipline. 
The lecturers' and tutors' belief that students thought that problem solving tutorials have the 











view. The interviews with the tutors validated their survey responses as well as providing them 
with an 0pPOliunity to reflect upon their own practice. Many tutors admitted not to have 
seriously thought about issues such as the purpose of tutorials and their role as tutors in 
cooperative leaming sessions. In addition, some tutors admitted to not knowing how to 
effectively help students in tutorials. 
The expectations and beliefs about what it means to learn physics have direct implications on 
how students conduct themselves in group problem solving tutorials. How the tutors interact 
with students is also guided by their preconception about their role in group problem solving 
sessions. The chapter that follows characterises the variation in the students' focus of awareness 












The focus of students working in a 
tutorial 
The Department of Physics at the University of Cape Town has a large tutorial room in which a 
class of as many as 150 students can work . For a class of this size, the tutorial sessions are 
facilitated by an average of six tutors. These tutors move about the whole room, approaching a 
group when they are called or just to check how the group is progressing. Figure 3.1 shows a 
photograph of the room with students working during a typical tutorial. 
Fig u r e 3.1 Photograph of a tutorial in progress in the 











3.1 Video observations 
The main body of data for the present study were obtained from videotaped observations of 
students working cooperatively in groups of three on tutorial tasks. The tutorial room has a 
specially constructed observation room, which is equipped to facilitate video taping of one 
group of students working in the large venue (see Figure 3.2). A camera in the observation room 
may be focused on the students through a unidirectional window and is invisible to the students 
sitting in the tutorial room. Both the students and the tutors are consulted and asked whether or 
not they mind being video taped during the session. The conversation between the students 
themselves and between the students and a tutor is captured through a microphone "Realistic 
PZM" available from Radio Shack, U.S.A. , which is situated on at the centre of the table of the 
group that is being observed. The microphone is linked to the video recorder, via an amplifier. 
There is also a television in the observation room, which is used to monitor the recording 
sessIOn . 
Figure 3.2 Photograph a/the observation room which extends off 
from the large open plan tutorial room. 
The students observed were from a variety of first year physics classes at the University of Cape 
Town, including physics majors (PHY122S), students on the General Entry Programme to 
Science (PHY 123H), engineering students (PHYII0W), and biological and environmental 
science students (PHY 132S). All the data collection occurred over a period of two semesters, 











the date of the video recording, the time of the recording, the class recorded, the number of 
students working on the tutorial and the tutorial task that the students were working on. A total 
of 45 video observations of the tutorials were made, each including an average of 3 tutor 
interactions per tutorial. The frequency of the interactions depended on the duration of the 
tutorial as the morning tutorials were forty five minutes, with the afternoon tutorials being three 
hours. The entire tutorial session was recorded. The tapes were then edited for the segments of 
interest for analysis, which were the periods of time just before a tutor was called to a group, 
during the intervention of the tutor and just after the tutor had left. A collection of these were 
then compiled into one tape for further analysis. The conversations among the students 
themselves and \vith the tutors were also transcribed. 
3.2 Results from preliminary observations 
When preliminary observations were made at the beginning of the study students were often 
working in groups of sixes (see Appendix B). After an analysis of seven video clips, it was 
evident that effective group work could not take place. The physical arrangement was making it 
difficult for students seated on opposite ends of a hexagonal shaped table to work together on 
their tutorials. Tutors were also limited in terms of facilitating effective group work since 
students seated in one group of six would often be doing different problems at the same time. 
There were often at least two subgroups within each group, with some students being 
marginalized from participation in the group. The number of students moving between groups 
was also high. It was then decided to insist that the group size be limited to three students. 
Although this was not always the case, most of the video observations made for the study were 
of students working in groups of three. 
3.3 Analvsis of the video data ., 
A number of worksheet-based tools were developed to assist with the analysis of the video 
segments. These were used to analyse how students approached tutorial problems, what 
strategies tutors used to assist the students with the problems, and how students interacted with 










3.3.1 Problem analysis sheet 
Discerning whether or not "learning" has taken place in a cooperative learning environment was 
deemed to be an essential aspect to this study. To this end, for each videotaped observation, the 
task on which the students were working was analyzed by means of a problem analysis sheet for 
the "critical components" that the students need to progress through the task. Figure 3.3 shows a 
problem analysis sheet and how it was used to unpack a tutorial problem for the critical 
components. 
Analysis completed by: 
Class: PHY132S 
A. The problem: 
Department of Physics 
Problem Analysis Sheet 
Reu ben 
Tutorial no: Problem no: & 2 
Question I: A solid (dielectric) sphere of radius R = 2 cm has a uniform volume 
charge distribution p = 10 6 C/m 3 . Using Gauss' law, calculate the electric field 
both inside and outside the sphere. 
Question 2 a: A spherical dielectric shell of inner radius a and outer radius b has a 
uniform volume charge distribution p (CI m}). Using Gauss' law, calculate the 
electric field everywhere ( i.e. for r < a ; a < r < b ; r > b) 
B. List the main areas of physics content that are required to solve 
this problem: 
Electric field: 
inside a sphere; E (K e QIR
3 )r 
outside a sphere E = KeQlr2 ; where r IS the Gaussian radius 
volume charge distribution p = QIV 
C. List the main problem solving procedures, skills and 
representations that are required for progress with this problem: 
Draw representations of the fields both inside and outside the sphere to assist with 
identifying the Gaussian radius r. 
Figure 3.3 Problem Analysis Sheet used to unpack a tutorial problem 











The problem analysis sheet was designed based on the notion that students need to follow 
certain problem solving strategies in order to arrive at a meaningful solution for a problem. 
These critical components include both the conceptual knowledge and the mathematical and 
physics skills and procedures needed for the particular task. This analysis of the problem 
allowed the particular reason for which the students called the tutor to be identified, and hence 
whether or not the tutor was able to help the students progress meaningfully with the task. 
3.3.2 Video analysis sheet 
i\ worksheet was designed to facilitate the analysis of the video segments involving the 
intervention of tutors. Figure 3.4 shows the video analysis sheet which has been completed for 
one interaction between a group of students and a tutor. It is divided into the three phases of 
student-tutor interaction; pre tutor phase, tutor interaction phase and post tutor phase. 
Although an analysis of non-verbal gestures and body language could also be made, verbal 
communication offered the main source of information used in the analyses. This kind of 
analysis is based on the assumption that a student could not contribute to the group in a 
sustained and meaningful way without a significant amount of verbal input (Buff1er & Allie 
1995). 
The interaction of a tutor with the group was divided into three phases: the pre-tutor phase (from 
2 minutes prior to the tutor being called), the tutor interaction phase and the post-tutor phase 
(until two minutes after the tutor left). The analysis of the pre-tutor phase included, how the 
three students are engaged (who is writing, who is talking, who is listening) and who decides to 
call a tutor, and why. Analysis was also made of the students' sense of need before they decided 
to call a tutor. The reason that the students called a tutor was put side by side with the actual 
nature of the problem as it appeared on the problem analysis sheet (Figure 3.3). This was in 
order to discern whether or not the students understood the tutorial problem and were following 
a logical problem solving strategy. 
Analyses of the tutor interaetion phase included noting who asked the initial questions, who 
takes initial control and whether the tutor involves all the students in the group. It also included 
investigation of whether the tutor had discerned the exact need of the group with reference to 











relevant to the reason he was called. The tutor's style was characterised as telling, questioning 
or Socratic. The Socratic approach is a technique that is seldom used in physics education, 
where an instructor asks a series of questions that lead students to examine the validity of their 
response to questions. It actively engages the learner and enhances critical thinking and 
students' construction of internalized meaning. 
Analyses of this phase also included deciding whether the tutor's approach was content-
oriented, i.e. the physics the question involved, or procedure-oriented, i.e. how to solve the 
problem. There was also an evaluation of whether or not the tutor used any means to find out if 
he was understood. This would be noticeable if the tutor monitored what progress the students 
made due to his interaction, or asked one of the students to explain to other group members 
what he had just said. The tutor's ability to facilitate engagement between all the students was 
also considered and characterised. 
Analysis of the post-tutor phase focused primarily on the engagement of the students after the 
tutor had left. It was observed to see if the students have progressed with respect to the reason 
why they called the tutor. 
The video analysis sheets were completed by making use of both the transcribed interactions 











University of Cape Town 
Department of Physics 
Video Analysis Sheet T 
Seating arrangement: 
s~ Table jIs] 
Analysis completed by: Reuben 
S2 
Date of tutorial: 22/07/2003 
Tutorial no.: 1 
Tutor's name: N 
Time: 14:00 17:00 
Question no.: I 
Group no.: 22 
Class: PHYI22S 
Venue: Room L 
Call no,: I 
(l\1)ale or (F)emale: 
Predominant language used by group: 
SI: M S2: M S3: M 
English 








A.2 Sense of need of group: 
Check progress of group 





S I S2 S3 i 
-V 
I 
-V J " 'V I 
___ Group needs information 
Other: 
A.3 Give particular details about why the tutor is called, with reference 
to Problem Analysis Sheet: 
Group has the two equations for centripetal and Coulomb's force. They do 
not know how to use them to obtain charge. 
A.4 
A.S 
Consensus to call tutor: 
Who calls the tutor: 
(B) Tutor interaction phase 




B.l Time that tutor spends with group: minutes 








asks first question? 
takes initial control? 
B.4 Initial tutoring style: "Te II ing" 
24 



















B.5 has the tutor discerned the exact need 
of the group, with respect to A.3 above? 
B.6 
Distribution of questioning by tutor: 
Yes V No 
B.7 Type of questioning: to find where the difficulty is 
Socratic (to draw out understanding) 
B.8 
Distribution of telling by tutor: 
B.9 Type of telling: -,j Procedural 
B.IO Does B.7 and B.9 relate directly to the 





B. t 2 














C.2 Is progress made with respect to the reason 
why the group called the tutor (refer to A.3)? 
C.3 
Students' need fulfilled 
(with respect to A.3): 
C.4 Tutor called for same difficulty: 
Same tutor Different tutor 




Tutor only talked to the student who was asking questions 
~ No 
Tutor points the student to the formulae to use in order to rescue himself 
from explaining the situation. 
Figure 3.4 Video Analysis Sheet being used to analyse the 












There are various ways in which students may interpret and attempt a physics tutorial problem. 
For example, students might try to discern that element of the problem that they presume 
relevant to their progress. A number of critical aspects might come into their focus of awareness 
while working on a problem. These critical aspects might be the result of the students' prior 
experience of working on simi lar problems or be related to some external factor or influence. 
As mentioned in section 1.4, there is a phenomenographic claim (Marton & Booth, 1997) that 
learning is only possible through variation. This variation is related to the possible breadth and 
depth of the focus of awareness of the leaner. This extent of awareness is also known as the 
outcome space. Linder and Marshall, 2003, claim that discernment cannot take place without 
variation, and that the search for variation is driven by the particular structure of awareness 
brought to the learning situation. The structure of awareness broadly defines the learning 
context in its breadth and depth. When experiencing a phenomenon like learning, the aspects of 
a particular learning task which are disccmed as pali of a structure of awareness have been 
called the dimension of variation (Marton, 1998). 
Cope, 2000, proposed that the validity and reliability of a phenomenographic analysis of 
learning is more meaningful if a structure of awareness is used as an analytical framework, 
where awareness can be characterised in terms of structural and referential aspects. The 
structural aspects are those that concern what one is doing at the time and with how one 
organises learning tasks. Ramsden, 1987, called this the act of learning. For students working on 
tutorial problems, this may involve identifying the physics concepts in a problem, or searching 
for the appropriate mathematical formulae to use. 
The referential aspects are concerned with the intention with which one approaches learning. It 
relates meaning to the activity and may be described in terms of surface and deep approaches. 
Case, 2004, describes the surface approach as involving the simple reproduction of knowledge 
while a deep approach involves making sense of new information. In a group problem solving 
context, a deep approach may involve students trying to understand concepts underpinning a 
problem, while in a surface approach, the focus of awareness may consist of an isolated aspect 
of the content. Furthermore, in contrast to a surface approach, in a deep approach different 











Trigwell, 1999, say that students who adopt surface approaches to learning are more likely to 
have learning outcomes of a poorer quality than those who adopt deeper approaches. 
The analysis of the video data resulted in three categories of possible awareness of the students, 
which are presented in 'fable 3.1. These may also be regarded as three possible outcome spaces 
for students working in groups on tutorial problems, as observed from the video data. At any 
particular moment, a student's focus may have aspects of all the three. however one of these 
categories will dominate the other two. The aspects which are simultaneously present in 
awareness are known collectively as the thematic field (Marton & Booth, 1997). The thematic 
fieJd is a collection critical components used by students to solve a problem. Out of all 
aspects making the thematic field, a number of related aspects of a task will emerge to become 
the dominant feature in the thematic field thus direct students to a particular focus of awareness 
(see Table 3.1). The critical components that define the thematic field consist of the physics 
concepts and the procedures required for solving the paliicular problem. 
In contemplating a phenomenon like a learning task. an individual will also be Jess aware. in a 
less focused sense of other aspects of the learning context. not necessarily related to the task. 
These non related aspects do not form part of the thematic field. The lower most row in the table 
categorized "external factors" exists outside the thematic field. Operating outside the thematic 
field shows a surface engagement with the task. Context, including the nature of the problem 
task, redefines which aspects of a phenomenon are in focal awareness and so different contexts 
will bring about a different thematic field. 
The elements in Table 3.1 are hierarchical and are related to the students' level of engagement 
with the task. These levels became evident after characterising the various group actions 
associated with students working on different tasks in tutorials. The variation in group action 
was observed when completing the video analysis sheet (Figure 3.4). It appears that the 
particular level of engagement with the task is driven by the goals that the group want to 
achieve. The goals of a group, which direct the group's focus of awareness, subsequently lead 
the students to adopt a particular group action, which results in them being at some level of 











Table 3.1. Categories of description of the variation in the focus of 
awareness of students working in groups on tutorial problems. 
Group goals Focus of 
awareness 





of the task as 








Finding the right 
mathematical 


























The examples below illustrate the three categories (Table 3.1) characterising the variation in the 
students' focus as they interact with physics problems in a group problem solving context. They 
are grouped in the three phases of student-tutor interaction: the pre-tutor phase, the tutor phase 
and the post-tutor phase. 
3.4.1 Focus of awareness: identifying the critical physics concepts 
Here the students want to understand which physics principles are involved in the problem. 
They may attempt to make a link with their everyday experiences to obtain personalised 











problem. Their conversation may be characterised by phrases and words such as, "what is the 
meaning of..." or, "explain". The following example illustrates this: 
(a) Example from the pre-tutor phase 
S 1 : W hat. h 0 lV do you ex p / a i 11 fr e e z i n g ? 
S 2 : fr e e z i 11 g .... e ish! 
SI: For freezing at higher altitude, of course the higher if fakes the 
weaker .. , now, how ... 
S3: Slower. 
S 1 : S I 0 lV e r f 0 fr e e z e, mea n i 11 g t h a f ... 
S3: It takes longer to boil. 
S2: Ya. 
S 1: So are you saying that at Cape To wn it takes ... 
S2: 11 is quicker. 
SI: It's quicker to freeze in Jo 'burg ... 
S2: No, no, no i think it is the same. 
S 1 : 1 t ' s s lower to fr e e z e in J 0 ' bur g 0 r is it qui c k t 0 fr e e z e ? 
S2: I think is the same anywhere, freezing that is it decreasing in 
pressure or fell/perature. 
Student SI staJis the conversation by asking, "How do you explain freezing", suggesting that 
the student is looking for a meaningful understanding of the problem. Student SI also uses the 
phrase "meaning that" while student S2 says "} think" twice, showing that they are focusing on 
trying to make sense of the situation. 
(b) Example from the tutor interaction phase 
In this case, as with previous one, the students focus on the physics which is seen as 
fundamental to solving the problem. In the conversation below students used the word 
"concept" more than once in their discussion with the tutor. 
S2: 1 think we have conflicting concepts. One concept is that when 
you bring two charges together ... the concept is that the charge 











resultant. what happens you have to divide by the resultant. You 
firs t have to ge f the res ul tan t and div ide by two. 
T: You do not divide by ('va, what is the resultant. is it positive or 
negative? 
S3: The resultant is positive. 
T: You have to see. 
S 3 : B e call s e 11' hen y 0 11 the res u I tan t . v a 1I It a vet VI' 0 c h a ,. g e s , 8 vol t s 
and (he other one -4 volts. 
T: Those are not charge, that's voltage. 
S2. Coulombs. 
S3: Coulombs all right, and then J'Oli bring them together. Whal I 
thought lvould happen is that the positive charge from there will 
neutralise that one. making this one ointing on paper) zero. 
And that one+4 coulombs. This is neulrallvill ... 
T: Are J'Oli trying to SCIJ' that we lvill no longer have the charge here, 
because this one is neutral? 
S3: This olle will remain neutral. So what, what do you think:? 
T: It is the question for you, how will I answer it for you. I don 'f 
want to answer you. 
S2: ff YOl! have two conflicting concepts. The one is that when the 
charges come together, one will be neutralized. The other ... 
T: Neutralisation seems to ........ hold 
(c) Example from the post-tutor phase 
This example shows students still trying to understand the physics involved after the tutor left 
the group. They are trying to understand the concepts of temperature, pressure and energy. 
S3: Less energy needed at high pressure 
S2: Low energy, low temperature. 
S!: High pressure, less energy ... energy is what? 
S3: What, the water right, in Jo 'burg does it boil at high 
temperature, cause we just know about the wail, we say it takes 
longer. 











S 3: L e sse J1 e r gy III e a n s low t e 111 per a t 1I r e hill 1I1 ? 
Sl: Ok 
S3: Here we are boiling right, we spoke about it takes faster or 
longer, 'rha! temperatures do we need, high temperature or low 
Ie mpe ral ure? 
Sl: Like to boif? 
S3: Like for boiling do we need high ... 
S I : Loa kat it fr O!ll I he pre s sur e poi 11 t, if I h e pre s sis low, it mea n s 
that . higher energy meaning that higher temperature right? 
3.4.2 Focus of awareness: finding the right mathematical formula 
In this category students focus on finding a formula as the prerequisite to solving a physics 
problem. They presume that searching their text books, notes, memories or asking the tutor in 
order to identify the formula to use is the fundamental step in problem solving in physics. Once 
a formula is found, the students focus on the manipulation of variables, and substitution of the 
variables for the knowns and the unknowns. 
(a) Example from the pre-tutor phase 
The following conversation exemplifies this: 
S3: This expression is 21. 
S 1: Oh, oh ya. 
S3: The problem, ok, when you take that, you put in here, but what 
about that. 
S1: What? 
S3: This is still unknown 
S1: Can )/ou try and solve that? 
S3: That's what I'm working on. 
S 1: You now make V, V2 the subject of the formula. 
S3: ya ...... what's V2 ? 
Sl: F .. . 











Students talk in the mathematical symbolic language of y's, x's, v's and putting "that" in 
"there" without an indication that they attach any meaning or physical intuition to those 
variables. 
(b) Example from the tutor interaction phase 
Once again, the students prefer to converse about the physics in terms of formulae rather than 
concepts. For example, instead of using physics terms slIch as potential energy or mass, they 
would rather say mgh or 17l. They look for the relationship between the symbols in the formula 
and not the concepts involved. The following example shows this kind of interaction with a 
tutor: 
T: Kinetic energy. When it hits the pavement all the kinetic energy 
disappears, where does it go to? 
S3: Into melting. 
T: It goes into the hailstone and melts if. Ok so you kno}F how much 
energy. kinetic energy the hailstone has. you know how mllch 
energy is used to melt it. Alrighl, go back instead. ,vhere does 
that kinetic energy come from? 
S2: mgh, 
T: mgh. so if you have energy mgh up here, becomes kinetic energ:v, 
kinetic energy all goes, becomes the heat gained by the hailstone, 
the only thing YOli don 'f know is the mass of the hailstone. If 
you let the mass be m, how much potential energy have you gal up 
here? 
S2: mgh 








m .... L. What did, what did .. ? 
In times, no change in temperature, it is melling? 
Lv. 
III times L, so you got mgh 
Cancels. 
Cancels. 











The students show that they know what formula to use and correctly point out what variables 
cancel when the equation appears in a particular way. However, formulae are treated as mere 
equations to be solved mathematically with no reference to an underlying understanding of the 
physics quantities represented by the symbols. 
(c) Example from the post-tutor phase 
In the example below, the students look at what values of variables in the formula are given and 
which ones are not given, so as to substitute into a formula. The conversation below took place 
just after a tutor left: 
S3: Oh ok 
SI: Hail' were we supposed to know that? So this is (mJ + 111]). in this 
case it iSjllS! 111 ... 
S3: Ah this change in thing, ya H'e have got m and we have the ... 
S 1: I! 's jus f 111 ( Vjli1tJi 
S 3 : Ya and H' e can put the, the we h a v ego t III we h a v ego t V, IIID I min us 
V'lJ/lial. so we ... 
S 1 : And w II a t V f lila {J 
S3: We are looking for the .. the, that's what we are looking for. We 
have got V(ll1ol Villi Ii a J S 0 ~w eta kin g t his 2 7 
S2: It's 2.7 
S3: Oh 2.7 minus 2k 
S 1: Is that the change in momentum? 
S3: Ya because, because it is equal to this and equals to that, 
(pointing to formula on paper), so H'e get this now. 
3.4.3 Focus of awa reness: external factors 
In this category students are not typically engaged. They want to finish quickly and leave, are 
lazy to search for new information or are just not interested. This is often apparent in cases 
where students show too much reliance on the tutor. They make comments like, "1 don't know" 
or "I'm not sure". This is an example of a surface approach to problem solving, showing lack of 











students in the following way, "they sit there with a blank face; you can see that the brain has 
not switched on. They are simply waiting for you to write the answer and that's all they want." 
(a) Example from the pre-tutor phase 
In the conversation below, a student raises her hand at the beginning of a tutorial to call a tutor 
to come and see if she is doing the right thing, before she has meaningfully engaged with the 
problem. 
S3: I'll start lvith my a, I will make sure I'm right though. come and 
II e I p t 11 tor, T u lor ( call s f (} r I u tor) . Is t hat a t u tor, t u tor .' (S 2 
laughs). 
When doing the subsequent problem, the following interaction takes 
p I ace. 
S2: So we have to use, we gonna use this to get that. 
SI: Va. 
S 2 : The 0, 4 has to be fr 0 m her e , 
S3: But are you sure about that, or should we ask (a tutor)? 
S2: Ask. 
S1: You can ask juS! to make sure. 
{S3 raises her hand for a tutor} 
S2: But then, but ... 
S3: Hmm, .. 
S2: Ok, ok raise your hand. 
Student S3 in particular wants everything to be done with assurance from a tutor. In the above 
two cases, she is the one who called the tutor and said that a tutor should be present to check 
the steps they use to solve the problem. 
(b) Example from the tutor interaction phase 
In the example below, students want the tutor to tell them everything and they will take all the 











of the talking and the students are simply listening. They agree with what he is saying and most 
of the questions are answered with ''yes''. 
S1: Aah tulor, this thing if I ask about question 5, so could you 
please explain this question. We dOll 'f know hOll' 10 calculate this. 
T: Conservation of energy, you have done that. The energJ! that is 
due 10 height of the hailstone goes to melt the ice. 
S3: Aah .. , 
(c) Example from the post-tutor phase 
After the tutor has left, the students' discussion is focused on what the tutor told them, There 
does not appear to be an attempt on their part to internalize the meaning of what the tutor said, 
Their discllssion resumes with questions like, "What did he say?" as opposed to something like, 
"What does he mean", Students even make follow up questions on subsequent tutors by telling 
them just what the previous tutor told them. The following example illustrates this: 
S3: What did he say? 
S2: Neutralization seems to hold. 
S3: Seems to be? 
S2: Hold, as in the theory, the concept. Ya. 
S 3 : So, b 1I taft ern e u t r a liz a t ion w hat hap pen s , I his 011 e doe s it 
becomes zero, This becomes four. 
S2: Yes actually what happens then after is thaI, if this is neutralized 
it comes to zero, and this is 4. There cannot be an attraction 
between a neutral and a thing, Hence they can', share the 
charges. 
S3: What did they induce, that's my, my main problem! 
In the example below from a separate interaction, students are talking to a tutor, but are eager to 
remind him that they doing what they are doing because a previous tutor told them so: 
S2: Here, eeh, ·we are struggling to find the height. 
T: No no 110. it's a horizontal tube. 











T: It's horizontal, so there is no variance in the height, the height 
does not change. 
S3: What? 
T: Ya. 
S3: SOllie lulor did not tell us that. 
T: Whatdoyoumean? 
S3: She told us thai it's changing. 




The analysis of the video data suggests that students typically have one of three foci when 
working on a problem: understanding the physics, finding the right formula or getting task 
finished as quickly as possible (see Table 3.1). These three foci were evident in all the phases of 
student-tutor interaction and appear to be related to the level of engagement with the particular 
task (either deep, medium or surface), which in turn is related to the quality of learning taking 
place. 
Awareness on the part of the tutor of these three categories becomes an important aspect with 
respect to the effectiveness of tutoring which takes place. If the tutor is able to discem the level 
at which the group is operating, then the chances are increased that he will be able to either 













The practice of tutoring 
As the facilitators of cooperative learning tutorials, the tutors' role is to put into practice the 
educational expectations of the course instructor. The tutor has significant power to influence 
the focus of students working on the tutorial tasks by directing the discussion towards what he 
assumes to be significant for the students to progress with the task. It may be argued that it is 
desirable for the students to be engaged at a deep level with the tutorial tasks (Table 3.1) and 
that the tutor should take opportunities to lift students from working at lower levels to the top 
level of engagement. This can only be achieved if the tutor is able to discern the level that the 
students are working at, soon after arriving at a group. In responding to the expectation survey 
and interviews (see Chapter 2), most tutors asserted that students thought that their role was to 
help them with conceptual understanding and development of problem solving skills. This 
cl1apter will illustrate the main modes in which tutors have been observed to interact with 
students. 
4.1 The tutor-student interactions at VeT 
Tutors employ an array of approaches when interacting with students. Presented below are the 
main types of interactions between tutors and groups of students working in group problem 
solving tutorials that were observed in the video data. The four categories that emerged from the 
data have been termed: the "telling" tutor, the "formula-centred" tutor, the "detrimental" tutor 











4.1.1 The "telling" tutor 
In this first category the tutor tries to help the students recognize the physics concepts involved 
in the problem they are working on, however he assumes a telling (transmission) approach to 
tutoring. Although the tutor may be convinced that the students need to understand the 
principles of physics involved in order to proceed with the problem, he believes that he should 
be the one doing most of the talking while the students listen and absorb what they are told. The 
following interaction illustrates this. 
SI: Are you going to e.'plain this ... 
T: Hmlll, I'm just flying to explain it differently (the tlilor is 1101l' standing firlZv erect and 
scrafching his head). But basically, jor ... jar any rotational motiol1 ... lhere is always a 
force that is directed [o)1,'ards the centre ofa circle. 
S}: But you see, that's lvhat you are saying, directed [oward~ the centre. 
T: Hmlll ... 
SI: But noll' we are using centrifugal jorce, 'which is directed .. 
T: 011 centrijilga! ok. now that is the opposite oj centripetal. Cel1trijzlgal, If you S(~y 
centripetal meaning towards the centre in that direction then centrifugal is in that 
direction 
{Showing opposite direction with his hand.} 
According to Trigwell, 2000, this is an example of a teacher who has adopted an approach 
where the focus is on the teacher himself [n the situation above, the conversation ends, and the 
tutor leaves without finding out whether or not he was understood, or whether progress had been 
made with respect to why he was called. Furthermore, out of the group of three students, the 
tutor spoke only with one student (Sl). 
4.1.2 The "formula-centred" tutor 
In this category the tutor's approach is characterised by focusing on finding the values for the 
knowns and unknowns after identifYing which formula to use. He tries to lead the students 













S3: For all of them? 
S2: Ya. 
S1: Ya. 




S3: I don '/ understand, how? 
T: Write the law of conservation of energy so, initialll', ok we have that el1er
L
IO' = pOlentia! 
energy + Kinetic energy, but kinetic energy = O. 
S3: Oh l 
S2: Ok, at rest. 
T: Ya. 
S3: Hlllm ... 
T: But the.v are released and accelerate towards each other, so kinetic energy is going to 
be % 1111/ ... ya. Then for potential energy is you pllt 0.4 and then calculate velocity. 
S2: Where? 
S3: For po/entia! energy you do what? 
T: What is the formula for potential energy? 
S3: It's a ... potential energy. what's theformula? 
S2: Potential energy is InV. for kinetic energy is 1;2 ml right. 
S3: Hmm ... 
S2: The other one is ... 
SI: II1gh. 
S2: mgh? 
S3: Oh ya mgh (looks at tut0l1, so what do you do? 
SI: So your h .vill be 0.4, 
S3: your h? 
T: Hmm ... 
In the example above the tutor wants to give the students formulae for kinetic and potential 
energy although they did not ask for it. The tutor says to the students, " ... just derive the 
formula and then put in the numbers", suggesting that from the tutor's perspective all that 
matters to the students in this problem is finding the right formula to use. This encourages the 











correct answer. There IS no indication that students will understand the physics even after 
completing this task. 
The tutor's approach should have been to raise the students to a level where their discussion is 
focused on the relevant concepts. When answering the question, "for potential energy what do 
you do?", from student S3, the tutor might have asked, "What is the relationship between 
potential energy and kinetic energy?", rather than saying, " What is the formulaT 
4.1.3 The "detrimental" tutor 
In this type of interaction the tutor mayor may not understand the questions the students are 
asking, but does not commit himself to helping the students directly. 
S2: I think we have conflicting concepts. One concept is that when you bring two charges 
together ... the concept is that the charge tends to neutralise the positive charge. What 
happens is this, the resultant, what happens you have to divide by the resultant, You 
first have 10 get the resultant and divide by two, 
T: You do not divide by two, }Fhal is the resultant, is it positive or negative? 
S3: The resultant is positive. 
T: You have to see. 
S3: Because when you find the resultant, you have two charges. 8 volts and the other one -4 
volts. 
T: Those are not charge. that's voltage. 
S2: Coulombs, 
S3: Coulombs alright, and then you bring them together. What I thought 'would happen is 
that the positive charge from there will neutralise that one, making this one (pointing on 
paper) zero, And that one -t- 4 coulombs. This is neutral will ... 
T: Are you tlying to say that we will no longer have the charge here. because this one is 
neutral? 
S3: This one will remain neutral. So what, what do you think? 
T: It is the question/or you, how will I answer itfor you. I don't want to answer you. 
In the above example the tutor plainly refuses to deal with the students' queries directly and tells 
them, "It is the question for you, how will I answer it for you, I don't want to answer you". The 











This is an undesirable situation where a tutor is using excessive questioning in a condescending 
way to the students. The tutor resorts to countering whatever the students are saying or plainly 
refuses to answer any questions that may require direct answers. 
4.1.4 The "balanced" tutor 
Here the tutor lIses an approach which may be characterised as having a sensible balance 
between questioning and telling. 
82: Aah, /lumber 5. 
T: Yes? Ok what you are going to do in number 5, J'Oli are looking at a hails/one ha. It 
falls out/rom the sky ... hits the pavement and it all melt. .. right. What does it need ill 
order to melt.? 
S 1: Temperatllre. 
S3: Energy. 
S2: Energy. 
T: Energy. energy, energy, ok, nOH' to melt it you need energy. What sort of energy does 
the hailstone have 'when it touches the pavement? Just before ;r actual(v makes that 
crash, v!'ha! sort of energy does it have? 
81: Kinetic energy. 
T: Kinetic energy. When it hils the pavement all the kinetic energy disappears, where does 
it go to? 
83: Into melting. 
T: It goes into the hailstone and melts it. Ok so you know how much energy, kinetic energy 
the hailstone has. you now how much energy is used to melt it ... Alright, go back 
instead. where does that kinetic energy come from? 
S2: mgh. 
T: mgh, so tf you have energy mgh up here , becomes kinetic energy, kinetic energy all 
goes, becomes the heat gained by the hailstone, the only thing you don 'f know is the 
mass of the hailstone. If you let the mass be m. how much potential energy have you got 
tp here? 
S2: II1gh. 
T: mgh. how much energy do you need to melt it, if you have mass m? 
S2: m .... L. what did, what did..? 











S3: Lv ... 
T: m times L. so you got mgh = mL, m on both sides ... 
S!: Cancels. 
S2: Cancels. 
{Tutor leaves with student SI grinning at her satisfactorily.} 
The above example illustrates a tutor attempting to make sure that students follow a sensible 
problem solving process. They move from one step of the problem to another after the tutor is 
satisfied that they understood the previous steps. The tutor is guiding the students to progress, 
by giving them some information and also allowing them to have valuable input in the 
conversation. Her questions follow up on prevIous responses given by students. This 
conversation is semi-Socratic (see section 3.3.2) and the students are actively involved in 
constructing their understanding. 
4.2 Examples from other studies 
4.2.1 The reflective practitioner (University of the Western Cape) 
Linder et al., 1997, developed a reflective practicum for a group of university physics tutors 
using an extension of Schon ian-framed coaching experiences. Their aim was to stimulate 
reflection on the tutors' own learning when tutoring. The results were useful in characterising 
the role and experiences of tutors in physics group problem solving tutorials. They also 
suggested how Schon's notions of the role of reflection could be meaningfully extended to the 
context of student learning. 
In their study, the tutor's practice, which was guided by a person with expertise in cooperative 
learning and knowledge of Schon's conception of reflective practice, was characterised as 
consisting of both reflection-in-action and reflection-an-action components. Three different 
modes of operation were identified for a tutor in action. These were the "follow me", "joint 
experimentation" and "hall of mirrors" approaches. Each of the approaches "calls for a different 
sort of improvisation, presents different orders of difficulty, and lends itself to different 











The 'joint experimentation" approach involves the tutor experimenting together with students 
in search of reasonable and appropriate problem solutions. With the facilitator knowing the 
sphere of possible solution approaches, "joint experimentation" involves assessing and 
surveying the "practical and analytical" approaches which students might have difficulty with in 
the problem solution. "In joint experimentation, the [tutor's] skill comes first to bear the task of 
helping a [student] formulate the qualities she wants to achieve and then, by demonstrating or 
description, explore different ways of producing them. Leading the (student] into a search for 
suitable means of achieving a desired objective, the (tutor] can show her what is necessary 
according to the laws of phenomena with which she is dealing," (Schon, 1987). 
The "hall of mirrors" approach involves the creation of a legitimate interchange of ideas. with 
students and the tutor continually shifting their approach when the tutor cannot immediately 
outline out how to solve a particular problem. It requires the tutor to be able to "authentically 
surface his own confusions" in order to illustrate how this initial inability to solve a problem can 
be tumed into a meaningfu [learning situation. The hall of mirrors was thus suggested by Linder 
e{ al.1997 as the most ideal model which tutors should adopt. 
The "follow me" approach involved telling and demonstrating how to solve aspects of a 
problem. It was only lIsed when progress towards a solution became "extremely limited" while 
using the joint experimentation and hall of mirrors approaches. 
Linder et al. reported an improvement in tutors' practice since the tutors had to assess and 
monitor the growth of their understanding of basic physics concepts during the tutorial sessions. 
This resulted in the tutors realising that they needed to begin in-depth reflections on the nature 
of their understanding and how they constmcted these understandings (Linder et al., 1997). 
Tutors were also observed to have changed personally due to this exercise. There was an 
enhanced confidence in themselves as competent teachers, leading to an improved ability to 
communicate effectively, coupled with a change in their own conception about their own role. 
Their reflections revealed tutoring as a sense-making practice as opposed to their prior ideas of 
tutoring as a telling activity. 
4.2.2 Structured problem solving (University of Minnesota) 
Heller et al., 1992, have repolied on extensive work on structured group problem solving 











supportive environment to help students implement that strategy. The supp0l1ive environment is 
provided by having students practice solving problems in cooperative groups which are 
facilitated by tutors who are postgraduate students. The arrangement of their tutorial groups was 
done in a similar way as described by Johnson et al., 1992, 1994 (see Chapter 1). Heller ef al. 
suggest that a structured group problem solving strategy should include the following 
ingredients; a prescribed problem solving strategy, context-rich problems, cooperative group 
environment and an effective grading and testing system. 
Their problem solving strategy was based on broad research evidence describing the nature of 
effective problem solving in physics. It was a hybrid of similar work reported by Frederick Reie 
Joan Heller and Alan Schoenfeld (Heller et aI., 1992) and had five components. These were: 
visualizing the problem, describing the physics, planning a solution, executing the plan, and 
checking and evaluating. The first step involves translating the problem statement into a visual 
and verbal understanding of the problem situation. The second step requires students using their 
qualitative understanding of physics concepts and principles to analyse and represent the 
problem in physics terms. Thirdly, students have to translate the physics description into an 
appropriate mathematical representation of the problem. They then had to obtain a solution 
through a mathematical procedure. Lastly students are asked to check and evaluate their answer. 
Heller et al. maintain that context rich problems focus students' attention on the need to use 
their conceptual knowledge of physics to qualitatively analyse a problem before beginning to 
manipulate equations. "Context-rich" problems can be understood as "short stories that included 
a reason for calculating some quantity about a real object or event". Some of the common 
characteristics of the context-rich problems were that: the problem statement could not always 
explicitly identify the unknown, more information may be available than needed to solve a 
problem, some infonnation that could easily be estimated may be missing, and some reasonable 
assumptions may need to be made to solve a problem. Many problems were designed for use in 
tutorial and laboratory sessions. 
The result of the above study suggested that teaching an explicit problem solving strategy and 
having students practice using the strategy in cooperative groups appeared to be an effective 
instructional approach. In responding to a questionnaire about their experiences students stated 
that, "the group work and problem solving is very helpful in understanding the material. The 
cooperation of students in each group, by discussing the problem and generating ideas, show 













Presented in this chapter are five case studies selected from the video observation data. They 
illustrate how the analysis protocol, problem analysis sheet (Figure 3.3) and video analysis sheet 
(Figure 3.4) were used to interpret the video data. They highlight how students were 
approaching the problems, the different levels at which they were operating, how they interacted 
with each other and the different approaches that tutors used when interacting with the group. 
In each case, students are observed working on a problem before they call a tutor, while the 
tutor is present and after the tutor has left. The analysis presented attempts to find a meaningful 
link between these different phases. The video summary in each case study relates the activities 
of the students during the three phases of the student-tutor interaction to the approach used by 
the tutor. FUl1hermore, suggestions are made with respect to what the tutor could have done to 
lift the students to the upper level of engagement (Table 3.1). 
The presentation of Case Studies A and B includes all the information that was used for the 
analyses (the problem, the solution, the problem analysis sheet, the video transcript and the 
video analysis sheet). For Cases C, D and only part of the data set is presented, while the 











5.1 Case Study A (PHY123H, Tutorial 4, Question 1) 
5.1.1 Observation data for Case Study A 
This problem requires the application of the bulk modulus as given by the ratio of the volume 
stress to the volume strain. Figure 5.1 below presents the problem and its solution. 
A solid copper cube with edge L in vacuum is dropped into a liquid with density 1.2 g cm,3 Calculate the 
bulk stress required to reduce the edge-length of the cube to U2. 
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Figure 5.1 Problem task and solution for Case Study A. 
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Attempting a problem of this nature requires the student to recognize and focus on a number 
critical areas, including the physics involved and the procedures required for solving the 
problem. The problem analysis sheet for this task is presented in Figure 5.2. 
University of Cape Town 
Department of Physics 
Problem Analysis Sheet 
Analysis completed by: _Reuben __ 
Class: PHYl23 H Tutorial no.: 4 Problem no.: 
A. The problem: 
A solid copper cube with edge L in vacuum is dropped into a liquid with density 1.2 g cm-3 Calculate the 
bu Ik stress required to reduce the edge-length of the cube to Ll2. 
B. List the main areas of physics content that are required to solve this problem: 
Bulk modulus; B - I':,.PI (I':,.V/V;) 
I':,.P = the bulk stress. 
(I':,. VIV,) = the volume strain 
C. List the main problem solving procedures, skills and representations that are 
required for progress with this problem: 
Draw the situation showing how a cube can be compressed to one half its original size. 
Volumeofacube L3 
!lV= Vr VI 
.Figure 5.2 Problem analysis sheet completedfor Case Study A. 
Below follows an excerpt from the transcript of the students' conversation when working on the 
task. It includes the pre-tutor, tutor-interaction and post-tutor phases. Non-verbal activity is 
bracketed. 
S3: Stress equals 2 beta. 
S1: Is that if? 
S3: OJ course we ... the strain, we have the strain now, isn '/ it? 











53: Why is L divided by 2? Why they do this here (pointing to paper)? 
52: No it's just, it's just ... 2 beta. 
53: 011. I thought you said divided by 2. 
52: It is equal to stress equal2B, 2B divided by ... 
51: I don " understand what is B. 
S2: That's the bulk stress. 
52: B is equal to 2 beta .... B is the bulk stress. 
51: TheJ{'s what they want, the bulk stress? 
52: Yo. 
SI: Stress, stress? 
52: Stress! 
S3: Stress.' 
SI: This is stress, stress here (pointing to paper). 
S3: P is equal toforce over area. 
S2: 17w{ 's the volulIIe. 
{S I calls a tutor. Everyone waits for the tutor until he comes.} 
S2: (to S3) Tell him stress, we need stress. 
S3: A lot of stress here ... ok stress is equal to strain... no? We found the strain is 
equals 2 ... Because, I Wa71l1a know, I wanna know, what is that L12? Like that? 
{S3 scribbles something on the paper, and all three students display confusion with respect to 
interpreting LI2.} 
SI: This is the edge, is it the edge? 
{The tutor nods his head to indicate agreement.} 
82: The length ... 
S1: The length .. . 
S3: The length .. . 
82: Ooh ... 












SI: So this is like, it means z" the sides of this, it's like compressed. 
T: Cubed ... L3 ... (Ll2/. 
S3: Ok, so what J can say is that ... 
SI: So it is !1L/2 * !1L12 * !1L12, and that's the volume? 
{The tutor nods his head in agreement.} 
S2: Oh right, that'sfine, 
S3: But nolV we have ... ok. so stress isforce over area? 
{The tutor writes this down for them.} 
T: Now }'ou can see. what you going to do is, you going to take eve,y side and bisect all. 
J'OU quick~v goingfrom this cube to this one ... 
S3: And so the cube, the cube, we assume the cube can be compressed? 
T: OJ course, why not, why can '( a solid be compressed? 
SI: This isn't a vector right? 
S3: So how do you get theJorce? 
T: How do you get theJorce? 
S3: How do you get theJorce applied to ... 
T: You take the liquid, you seal in on top and you push down", 
SI: Ya, but this isn't a vacuum right? 
T: In other words the pressure at the surface is zero and the pressure increases with depth, 
so dmvn here, the cube is Ll2 and here the cube is L . So you get this equation: p 
pgh, and Po should be zero... ok! 
S2: Thanks tutor. 
{The tutor then leaves.} 
P -~ a . 
SI: Ok, so, what L is, what is the strain ... that we knmv. Calculate the average depth in the 
liquid at which the cube will have this edge length. 
S2: Only here it ... bulk is stress over 2. 
SI: What stress, what is the fOr/llUla oj stress, that is Lover ... stress, Lover A. 
S2: Ll2. Ll2. LlA ... 











S3: How are we gonna get the force, pressure is the force applied right, is pressure force 
applied? 
SI: We want this, we want this (pointing to paper). 
S3: Ya ... but pressure isforce applied on. P = PI pgh, we mustjustjind h. 
S1: But what is h? 
S3: What is h? 
S1: L18. 
S3: L18! 
SI: Yes. L12 '" L12 '" L12. 
S3: LJ/ 8. 
S1: Ya ... L3/8. 
5.1.2 Analysis of Case Study A 
The tutor-student interaction was analysed be means of a video analysis sheet (Figure 5.3). Of 
significant interest is when the tutor arrives at the group, whether he is able to discern the exact 














Analysis completed by: Reuben 
Date of tutorial: 30109 I 2003 
Tutorial no.: 4 
Tutor's name:T 
(M)ale or (F)emale: 
University of Cape Town 
Department of Physics 
Video Analysis Sheet 
Time: 1400 -700 





Class: P 123 H 
Venue: Room L 
Call no.: I 
Predominant language used by gl'Oup: 
S1: M S2: M S3: M 
English 





A.2 Sense of need: 
--- Check progress of group 
I 
_ \j _ Group stuck on problem 
--- Group needs information 
Other: 
)3 
A.3 Give particular details about why the tutor is called, with reference to "problem information" 
sheet: 
Group does not know what the question is asking for i.e what bulk stress is. 
A.4 Consensus to call tutor: 
A.S who calls the tutor? : 





B.l Time that tutor spends with gl'Oup: _.. _ minutes 





I Who sEeal~s first? 
: Who asks first question? 



























B.5 Has the tutor discerned the exact need 
of the group, with respect to A.3 above? 
8.6 
Distribution of questioning by tutor: None 
8. 7 Type of questioning: ~. _ To find where the difficulty is 
Yes 
__ Socratic (to draw out understanding) 
B.8 
Distribution of telling by tutor: 
8.9 Type of telling: Procedural Content 
8.10 Does B.7 and 8.9 relate directly to the 






Before leaving, the tutor checks understanding of: None 





C.2 Is progress made with respect to the reason 
why the group called the tutor (refer to A.3)? 
C.3 
Students' need fulfilled (with respect to A.3): None 
C.4 Tutor called for same difficulty: 
Same tutor --J Different tutor 









Students have no mental picture or an intuitive feeling for what is happening, they need to draw the 
situation first. 
Tutor fails to get the exact needs ofthe group 











In order to engage meaningfully with this question, the students need to have a c lear mental 
picture of the physical situation, i.e. a solid copper cube of edge-length L in vacuum is 
compressed when placed in a liquid, to a cube having edge-length L/2. The students also need to 
understand that the pressure on this cube at a paliicular depth in the liquid is assumed to 
compress it equally on all sides. It also needs to be realised that there are no pressure differences 
exelted at different points on the cube due to the finite size of the cube.' 
The group seems to be interacting well and are engaged with the problem. The three students 
start with a formula-centred approach to the question. They write down an equation for the bulk 
modulus and seem not to know what the bulk stress is and how to relate L/2 to the situation. 
They call a tutor and after a period of uncertainty concerning what to ask, one student simply 
enquires what L/2 is. All three students appear to be engaged with the tutor. who in turn appears 
to have listened to the students and has understood the question they asked. 
The tutor tries to explain how a cube of sides L can be physically compressed to a cube having 
sides L12. The students give the tutor a false sense of their understanding and the tutor employs 
no strategy to check on the understanding of the students or whether they are meaningfully 
equipped to progress with the problem. After the tutor leaves, the students immediately revert to 
their original formulae. Although they think they now understand what L12 is, they still have 
difficulty to progress with the problem. The reason for this is that they still do not have a clear 
mental picture of the situation described in the problem and are therefore unable to relate the 
equations they have chosen to use with the physical situation. 
5.1.3 What the tutor could have done in Case Study A 
The first thing the tutor should have done was ask the students to explain to him what is going 
on in the problem. The students were having trouble with dealing with the equation for the bulk 
modulus since they had not clearly understood what was causing the compression of the block, 
and how. Their difficulties were possibly compounded by the fact that the bulk modulus was not 
explicitly mentioned in the problem and that the problem itself presents a physically impossible 
event. The students therefore are not focusing on the concepts. Instead they focus on isolated 












pieces of the problem which they attempt to understand separately (Elby, 2001). With reference 
to Table 3.1, they are operating at a medium engagement with the task. 
5.1.4 Further observation data for Case Study A 
A while after the first tutor left, the group of students still do not know what to do. The 
following conversation takes place: 
S2: What is stress? Stress equalsforee. 
SI: Now I don't understand ... you see I asked what this. bulk stress is, but then .!'e want this 
one, and the then what is this (pointing to formula). What is B? B equals stress over 2. 
S2: What's theforce? 
S3: Pressure, that 's ~vhatl s~v. 
S 1: What is the pressure here (points to question paper)? 
S3: P2 ... 50verP2 .. ' L. 
S2: You see, that equatioll, that equation, what is your height, your average like pressure. 
{They all laugh at student S2.} 
S3: What's your average depth (teasing student S2)7 
The students can not progress at all. They are struggling with the expression for the bulk 
modulus. Student S3 signals for a tutor and a different tutor arrives at the group. 
S2: Hi tutor. 
T: You know this. 
{Although the students are working on question 1, the tutor points to question 4 on the paper.} 
S3: Yo. 
S2: Ya. 
T: You see it makes sense, because you find ... you see if this was at high pressure, '.vhat is 
going to happen? 











S3: It willfall? 
T: It will fall, now!! the bottom is at high pressure ... so it makes the wings go such that 
air flows faster at the top than at the bottom. 
S3: Ok.., but our problem was number 1! Basically this ;s what we did. Ok this is the 
equation. 
T: If's this ... 1.4 * 10il (points to the board). 
52: Is that the bulk stress? 
T: Yes. 
SI: They gave it to us' 
T: That 's the ... the bulk modulus. 
S3: So what are we supposed to say here? 
SI: So we call calculate stress as ... bulk times 2. 
T: Bulk stress ... bulk modulus times bulk stress ... that's }'our bulk stress. II VIV Vii £-' V 
is a ... a ... L by 2 ... 
S3: L3/8. 
T: That's right. So )/ou see very easy, final velocity, initial velocity, you lake it, you shrink 
it. So the change in volume divided by the initial volume, so that's your bulk stress. Ok 
be careful of the minus sign. So that is what is the bulk stress, the bulk stress is the 
pressure right? 
S3: Ya. 
T: And ),(Iha! is ... now that the bulk stress is the pressure that is 'what .l'OU have to find out. 
What is the bulk stress ... bulk modulus is 1.4 * 1011 ,find the bulk strain. 
S2: This is actually 1.4. 
{The tutor then leaves.} 
S2: This is 1.4. 
SI: This is strain. We use this formula. The length is half, so we 'work out this, the volume, 
isn '( it? So it's 2 times that (points to the board). 
S2: Ya, we are talking about the volume strain eh? 
S3: Are we just saying 2 times that volume? 
S1: How do you get L now here? 
S3: Now we have to do this. we have to do this (points to paper). 












81: Is L3? You are right ... is L3. 
5.1.5 Analysis of Case Study A (second tutor) 
A while after the first tutor left, the group still do not know what to do. They are looking at the 
formula for bulk modulus and asking themselves what each of the variables stands for. They are 
confused and use the words "bulk stress", "pressure" and "force" interchangeably. The 
intervention by the first tutor was completely ineffective. 
The second tutor goes straight to an explanation without asking the students what their problem 
was (or what question they were working on). He explains how Bernoulli's principle works 011 
airplanes. After the students redirect the tutor to the question that they are actually working on, 
he focuses them on the formula and shows them the value for the bulk modulus (which is a 
constant). He tells them that the volume is going to change to L3/8. He also tries to indicate on 
the formula what bulk stress is. The tutor then leaves without checking whether he was 
understood, or whether the students are able to progress meaningfully with the question. 
5.1.6 What the second tutor could have done in Case Study A 
Discerning the exact needs of a group is a significant aspect of effective tutoring. The tutor 
should have let the students first tell him what their problem was. Employing a formula-centred 
strategy may help at times but it is also important for the tutor to make slIre that this is preceded 
by appropriate conceptual understanding, which did not happen in this situation. The tutor 
should have also checked to see whether or not the students could meaningfully progress before 











5.2 Case Study B (PHY123H, Tutorialll, Question 1) 
5.2.1 Observation data for Case Study B 
This question requires use of the Bernoulli equation, as well as the equation of continuity. The 
Bernoulli equation expresses the flow of an ideal fluid in a non-uniform pipe. Figures 5.4 
present the problem task for this case and 5.5 presents the accompanying Problem Analysis 
sheet. 
A Venturi tube may be used as a fluid flow meter (refer to your notes). If the pressure difference between 
points 1 and 2 of the inlet and outlet tubes, respectively is 21 000 Pa. Find the fluid flow rate in m's'l 
i given that the radius of the outlet tube is 1 cm while that of the inlet tube is 2 cm, and the fluid density is 
The flow of an ideal fluid in a non uniform pipe can be expressed: 
P + 'Ii p v2 + pgy constant 
Because the pipe is horizontal, YI Y2 
Bemoulli's equation becomes PI + 'h p v/ "" P2 + 'Ii p V2 
From the equation of continuity, Ai VI = AJ V2 
vI (AliA!) V2 
(I) 
(2) 
A = rrr2 ; A,= rr (o.o2i 1.26 to'3m2, AJ = rr (0.01)2 = 3.141 0'4m2 
(A/ -A/) [(1.26 * 10'3)2 (3.14 * 10'4)2] =1.49 * 10-6 m2 
V2 1.26 * 10"3'; 2(21000)1700(1.498 ]0,6) 2.53 ms'l Flow rate = !'lv/b.! 
A2 V2 3.148 10'4 (2.53) 7.94 m3s'! 











University of Cape Town 
Department of Physics 
Problem Analysis Sheet 
Analysis completed by: _Reuben_ 
Class: 123 H Tutorial no.: Problem no.: 
A. The problem: 
A Venturi tube may be used as a fluid flow meter (refer to your notes). If the pressure difference between 
points 1 and 2 of the inlet and outlet tubes, respectively is 21 000 Pa. Find the fluid flow rate in m3s-' 
given that the radius of the outlet tube is I cm while that of the inlet tube is 2 cm, and the fluid density is 
700 kg m-3 
B. List the main areas of physics content that are required to solve this problem: 
Application of Bernoulli equation: 
P; + 'hp v/ = p] + Y2P V2 2 ; for Venturi tube (YI =.1'2) 
Continuity equation: A;v; = A2V2 
Flow rate is 1\ V ! At = A;v I 
C. List the main problem solving procedures, skills and representations that are 
required for progress with this problem: 
draw the diagram of a Venturi tube showing: the direction of tluid flow with arrows, the relative sizes of the inlet and the outlet 
tubes 
A rr/, solving for V2 from the Bernoulli equation, 
Figure 5.5 Problem analysis sheet completedjor Case Study B. 
The following conversation takes place between the students and tutor. 
S3: This expression is 21. 
S 1: Oh. Oh ya. 












S3: This is stillunknow11. 
S1: Can you try and solve that? 
S3: That's 1vhat I'm working on. 
SL You know make v, V2 the subject of the formula. 
S3. Ya .... what's V2 ? 
S1. F ... 
S2: What aboul the 
{Student S3 works out something on paper, then student S2 calls a tutor, who arrives at the 
group. } 
S2: Here, eeh, we are struggling tofind the height. 
T: No, if'S a horizontal tube. 
S1: It's horizontal? 
T: It's horizontal, so there is no variance in the height, the height does not change. 
S3: What:? 
T: Ya. 
S3: Some tulor did not tell us that. 
T: What do you mecm? 
S3: She lold us that it's changing. 
T: No, no, its lIot, it's horizontal, it has vQlying various cross sectional areas. 
S3: Ok. 
{The tutor then leaves.} 
S2: It doesn 'f make sense. 
S3: Ya ... how does it look? 
S1: Tell, what ... there is no height. 
S2: 1 centimetre, that's 1 centimetre. 
SI: Ok, lookfor this become 0, this thing goes away. 
{S2 and S3 nod their heads in agreement.} 











5.2.2 Analysis of Case Study B 
The video analysis sheet completed for Case Study B is presented in Figure 5.6. In order for one 
to progress meaningfully with this question, the students need to understand what a Venturi tube 
and a fluid flow meter is, and what is meant by fluid flow rate. The students did realise that 
Bernoulli's equation is needed to solve the problem, but have not drawn a picture. None of the 
students refer to the equation of continuity, and they approach the problem by identifying what 
variables they have and don't have. They find themselves with two unknowns, the velocity at 
the outlet (V2) and the height (v). They are convinced they should find V2' (It is possible that they 
think that \12 is the flow rate.) They see that the height is not given and they are confused. The 
students cannot progress since they do not know what a Venturi tube looks like. They need to 
draw a picture in order for them to see that the height is constant at both ends. 
While the students are trying to work on the question, one of them calls a tutor. Another student 
tells the tutor that they are struggling to find the height. They all engage with the tutor who tells 
them that, "it is a horizontal tube and so the height does not change". The tutor makes no 
attempt to see if the students really understand before he leaves. He does not enquire to see if 
the new information he has given the group will help them progress. 
[mmediately after the tutor has left one student says, "It doesn't make sense", The students do 
not understand the relevance of "the height does not change". This tutor, who himself may have 
been operating at the upper level of Table 3.1, did not explicitly redirect the students to fOCllS at 
that level. 
5.2.3 What the tutor could have done in Case Study B 
In order for the tutor to see whether the students understand, have a clear picture of the 
situation, and whether they will be able to make meaningful progress, the tutor should have 
asked them a question such as "What are you going to do with the height and do you have a 
clear picture of what is happening?" The tutor appeared not to have a series of appropriate 











University of Cape Town 
Department of Physics 
Video Analysis Sheet 
T 
Seating arrangement: s\ Table )3 
Analysis completed by: Reuben 
Date of tutorial: 091 10 /2003 
Tutorial no.: 11 
Tutor's name: R 
(M)ale or (F)emale: 
Time: 10 00 I I 00 
Question no.: I 
Group no.: 42 
Predominant language used by group: 
S1: M S2: M S3: M 
English 









A.2 Sense of need: 
Check progress of group 










Class: Pl23 H 
Venue: Room L 





A.3 Give particular details about why the tutor is called, with reference to "problem information" 
sheet: 
The students need to know the Bernoulli expression for a venture tube. 
A.4 Consensus to call tutor: SI: 
A.5 Who calls the tutor?: S I : 
(B) Tutor interaction: 
B.l Time that tutor spends with group: minutes 


















B.5 Has the tutor discerned the exact need 
of the group, with respect to A.3 above? 
B.6 
Distribution of questioning by tutor: None 
~ Yes No 
8.7 Type of questioning: __ To find where the difficulty is 
_ _ Socratic (to draw out understanding) 
B.8 
Distribution of telling by tutor: 
B.9 Type of telling: 
8.10 Does B. 7 and B.9 relate directly to the need 







Before leaying, the tutor checks understanding of: None 
~ Content 
Yes No 





C2 Is progress made with respect to the reason 
why the group ealled the tutor (refer to A.3)? 
C3 
Students' need fulfilled (with respect to A.3): 
C4 Tutor called for same difficulty: 
Same tutor Different tutor 
Immediately Later: minutes 
Comments: 
Tutor assumed a direct telling approach. 
Yes No 
Tutor does not check if the group will progress, with the new information they have. 











5.3 Case study C (PHYl23H, Tutorialll, Question 3) 
5.3.1 Observation data for Case Study C 
Figure 5.7 presents the problem task for this case. The question requires understanding of 
changes of states of matter as being due to change in temperature. The students need to 
understand how atmospheric pressure varies with height above sea level and how it affects 
changes of state (boiling and freezing) when the temperature changes. The problem solution, 
and problem and video analysis sheets are presented in Appendix c.l. 
Water boils at ]00 °C and fi'eezes at 0 °C for sea level atmospheric pressure (Cape Town). At lower 
atmospheric pressure (e.g Johannesburg, where altitude is 1.6 km) the same water will boil and freeze at 
different temperatures. Explain this difference in detail. 
Figure 5.7 The problem taskfor Case Study C. 
The following conversation takes place between the students and tutor. 
Sl' What, how do you explain freezing? 
S2: Freezing ... eish! 
Sl: Forfreezing at higher altitude, of course the higher it takes the weaker ... now ... 
S3: Slower ... 
Sl: Slower to,freeze, meaning that .,. 
S3: It takes longer to boil. 
S2: fa. 
Sl: So are you saying that at Cape Town it takes ... 
S2: It is quicker. 
Sl: It's quicker to freeze in Jo 'burg. 2 
S2: No, no, no I think it is the same. 
Sl: It's slower to freeze in Jo 'burg or is it quick to freeze. 
S2: I think is the same any}vhere, freezing that is it decreasing in pressure or temperature. 
S3: Tutor! 











{S3 calls a tutor who happened to be passing by.} 
S2: Number, number 2, we have the first part. That second part, freezing? 
T: What did you say for the first part? 
S2: We, }ve said, aall. in ... here in Cape Town the water boils quicker than in Jo 'burg. 
T: You think so? 
S2: Yes. 
T: Why? 
S2: Because in Jo 'burg the pressure is high. so the counteraction olthe pressure in the 
ketlle ... like it takes long to reach the pressure. 
T: Ok YOll are saying pressure is high in Jo 'burg than Cape Tawil, why is that so? 
S3: Because Jo 'burg is at a higher altitude. 
T: So ... High altitude means height above sea level, righe 
S3: Yes. 
T: rYhy do you think the pressure is higher H'lien you go higher? 
S3: It's actualZv 1001ier. 
S2: It's lower? 
S3: Ya, the higher you go the lower the pressure. it's only when you go below the sea ... 
Sl: That you go down pressure increases. 
S3: Ya. 
S2: Is it? 
S3: Ya. 
S2: Ok, Ok so it is the other way round. 
T: Do you see it eeh, you see the relationship? 
S2: Ya. 
T: Between altitude and pressure. 
S2: Ya, so you see, you go up. pressure goes down, a .... 
T: Do you know why? 
S2: No. 
T: Eeh. why do you think pressure is less when YOll go up? It is called atmospheric 
pressure right. 
S2: Ya. 
T: It is the pressure due to air molecules in the atmosphere or due to contents of the 
atmosphere. Now when you go up, the atmosphere, you are leaving some behind and 












T: The atmosphere is not like an indefinite something. its finite. so when you go high. there 
is less atmosphere than, than when you are lower and so lhere is low pressure due to 
atmosphere lvhen YOll go up. 
S2: Ok. 
S3: What aboutjreezing? 
T: That's why. 
S3: Same, same principle. 
T: Ya 
S3: But how isjreezing related to pressure? 
T: TVhaf is the difference between freezing and boiling, if is the change in slate due to 
temperature right? 
S3: Hmm ... 
T: So you need a particular amount of energy to effect that change in slate. So the thing is 
in boiling you need more energy when there is more pressure to. to be counlered So it 
boils at higher temperature in Cape Town because the pressure is high, at low 
temperature in Jo 'burg because the pressure is low. 
S2: Hmm ... 
T: In so far as melling is concerned, when the pressure is high, when the pressure is high, 
do you need more or less energy to make the substance melt, or to make it freeze? 
S2: When the pressure is high? 
T: Yeah. 
S2: You need less energy. 
T: You need less energy. So less energy means what? 
S2: Low temperature. 
T: Low temperature ... sure? 
S3: Hmm ... 
T: Is that so? 
S2: Ya. 
T: So at high pressure means lower temperature. 
S2: Ohya 
S1: Thanks. 











S3: Less energy needed at high pressure. 
S2: LOH' energy, low temperature. 
S1: High pressure, less energy ... energy is what? 
S3: What, the ,vater right, in Jo 'burg does it boil at high temperature. cause we just know 
aboul the ." wait, we say it takes longer. 
Sl: What about low temperature? 
S3: Less energy means low temperature? 
S1: Ok. 
S3: Here we are boiling right, we spoke about it takes faster or longer, what temperatures 
do we need, high temperature or 10111 temperature? 
Sl: Like to boil? 
S3: Like for boiling do '1-'e need high ... 
SI: Look at it from the pressure point, if the press is low, if means that ... higher energy 
meaning that higher temperature right? 
5.3.2 Analysis of Case Study C 
The students approach the question by looking at how slow or quick a substance takes to freeze 
or boil at either Johannesburg or Cape Town. They are trying to relate the length of time it takes 
to freeze or boil with the temperature required for that process. This is definitely not going to 
help them in this case, since the question does not state anything regarding the length of time 
water takes to boil in Cape Town or Johannesburg. 
The students have not grasped the relation between the temperature at which a substance freezes 
or boils with atmospheric pressure. They call a tutor and ask him about freezing, saying that 
they have completed the first part on boiling. The tutor wants to know what they have done in 
the first part (boiling). This is a necessary intervention from the tutor as he is trying to 
understand what is confusing the students and why they are stuck. He wants to know their initial 
state. As the students try to explain what they said for the first part, it becomes clear that they 
did not understand the situation fully. One student tries to relate the amollnt of time that it takes 
to effect a change of state with the temperature at which that happens. He also incorrectly says 
atmospheric pressure is higher at Johannesburg (high altitude) than in Cape Town (sea level). 
The tutor uses a combination interchange of 'follow me' (telling) and 'joint experimentation' 
(Socratic) (Linder et at., 1997) approaches to draw out the students' understanding (see Section 











then explains to the students what atmospheric pressure is. The students appear not to be 
following in a clear way and after talking for a while, the tutor seems to confuse himself, and 
then leaves. 
The students are left struggling with the 'new' concept of thinking of temperature in terms of 
energy. One student asks what energy is, while another tries to relate energy and pressure. The 
third student still tries to relate the temperature at which water boils to the length of time it takes 
to do so. This shows that though the tutor made an effort to show the students the correct 
picture, he was not successful in moving them from their initial incorrect thinking. 
5.3.3 What the tutor could have done in Case Study C 
The tutor should have given the students enough time to explain their thinking, before he 
proceeded to explain the situation from his own point of view. He could have helped them to see 
that their approach was not going to help them obtain a meaningful solution. Before he left the 
group, he should have asked one of the students to explain to the others what he had just said. 
5.4 Case Study D (PHY123H, Group Task 1, Question 2e) 
5.4.1 Observation data for Case Study D 
Figure 5.8 presents the problem task for this case. In order to progress with this question, the 
students need to understand projectile motion in 2 dimensions as the vector sum of two 
simultaneous motions along the x- and y-axes. The problem solution, and problem and video 












A ball is projected from the origin with initial velocity V,,, as shown. The initial speed of the ball is 
50 m S·I. Assume that g 10m S·2. Complete the table bellow indicating the position components at one 
second time-intervals beginning at time zero when the ball leaves the ground. 
Tii (s) ~Jocity (m/s) position ( 1) :Iocity ( m/s) ;ition (1 1) 








Figure 5.8 The problem laskfiJr Case Study D. 
The following conversation takes place between the students and tutor. 
S3: So the acceleration ... which is 10, so we just, need this thing. 
S2. Isn't it? 
S3: That's velocity still, ya ... after 2 seconds. 
S2: After 2 seconds. you see here we need F at 0 because ... 
S3: Ya. 
{S2 signals for a tutor, who comes to the group.} 
S2: Problem e. 
T: Eeh? 
S2: Eh. we don't give a ... displacemenf ... 
S3: We figure that the initial ... each displacement is 0 since we are given the initial 
velocity. so we took where the projectile is launched to be O. 













S3: So 'we have the acceleration .. , we have the initial velocity, this is zero ... so we are not 
sure what this vt'ill be? 
T: But isn 'f this the position after a certain time ... you are saying this is here at the 
beginning. This is 'where you choose the origin of your coordinate a:res that is at r 0, 
after 2 seconds. will the object still be there? 
S3: No. 
S2: No. 
T: It will be sometvhere else and that is the position that YOIi want to calculate. And in 
order to calculate that YOll can only calculate the x-component using this equation and 
the v-component lIsing that (pointing to paper). 
S2: So the :2 seconds we substitute in there. 
T: Yes. but first you have 10 find the missing terms here, what is the acceleration along the 
x direction? 
S2: That one there is 10, 10 but in the i direction ... positive direction. 
T: Aah. where is your, where is your i, where is your i direction? 
S3: That is j. 
{S2 shows a horizontal direction with his hands.} 
T: But this, is g (pointing to question paper). g is along the j direction. This is gravitational 
acceleration, g is along the j direction, what about the i direction? 
S3: So in the j is 10? 
T: Hello? 
S3: How do we find the acceleration along the x? 
T: Along the x ... if you have a projectile ... eeh, along the x-direction what is the 
acceleration? 
S3: I think it is 0, because .. , so it is O. 
T: Yes. 
S3: So it is 0, these two (points to the paper), I think they have (he same answer because 
along the x, it is the same. 
T: Yes ... remember we did this calculation before. 
S3: So if is constant. 











S2: What now? 
S3: It stays constant, so velocity even after two seconds is the same. 
S2: Is same for y also? 
Sl: No for y is different. 
S3: No for y is different because it is dropping. in the x there is no change. 
5.4.2 Analysis of Case Study D 
The question requires understanding that in the motion of a projectile, acceleration is downward 
in the vertical y-axis due to gravity and that there is no acceleration in the horizontal x-axis. 
Therefore after determining the x-component of velocity at time t O. the students should know 
that this will be the same for all other values of t. 
The students have completed pali of the table for time at I 0 and I I second. However, they 
cannot proceed at t 2 seconds. One of them casually says the velocity should increase after 2 
seconds and calls a tutor. Only two students (males) are actively involved in this problem while 
the third (female) looks on unclear as to whether she is following or not. The tutor comes and 
asks them to explain their question. He understands their problem and employs a questioning 
and telling strategy. He is also quick to point them (011 the paper in front of them) to equations 
that they need to use in order to progress with the question. He makes them see that acceleration 
does not change along the x-axis and also assumes a formula-centred approach when he tells the 
students to look for missing terms. The tutor completely ignores the third student (female) in the 
group. 
5.4.3 What the tutor could have done in Case Study D 
This tutor used a balanced approach of telling and questioning after understanding the students' 
question. Although a formula-centred approach may be suitable option in some situations, in 
this case the tutor should have asked the students to find the relevant equations of motion 
instead of pointing them out to the students. The tutor should have noticed and made an attempt 











5.5 Case study E (P123H: Tutorial 12 B, question 2) 
5.5.1 Observation data for Case Study E 
Figure 5.9 presents the problem task for this case. This problem requires the students to have a 
clear understanding of momentum. The problem solution. and problem and video analysis 
sheets are presented in Appendix C.3. 
Impulse J is defined as the integral of force with respect to time and is also equal to change m 
momentum, as indicated below. The integral is evaluated over the time that the force is applied 
J F(!) dt L'lp. 
Find the impulse of the force F (1- t)i + {2 j k between t = 0 and t 2 seconds. What is the fina I 
velocity of a 4 kg object if this impulse is applied to it while travelling at 1 m s'! in the i-direction,) 
Figure 5.9 The problem taskfor Case Study E. 
The following conversation takes place between the students and tutor. 
S2: Here for no 2, we have done the integration of this thing, so we must fInd the final 
velocity. 
T: Start again, look at me when you speak, you have found? 
S2: Wefound the integration. 
T: You have found the acceleration? 
S2: Integration. 
T: Oh you have done the integration. 
S3: Ya, so we have to find the velocity. 
T: So what ... what, in this equation what does the integrationlell you? 
S2: They s{~y it is equal to momentum, change in momentum. 












T: Ok, now what they want to know is what the velocity is at the end oj the 2 seconds, ok, 
vFhat is the final velocity, ok look at that sentence now, it says impulse is equal to 
change in momentum, What is change in momentum? 
S1: It's velocity. 
T: What. no! 
S3: It's the change, itsjinal velocity minus initial velocity. 
T: NoH' you are saying the impulse is equal to change in velocity. It says the impulse is the 
change in momentum. 
S2: Ya. 
T: What's momentum? 
S2: mr. 
S3: mv. 
T: mv, so .VOli want change in momentum which is mass times .fInal velocity minus mass 
times initial velocity. You know what J is;> 
S2: Ya. 
T: You just worked it out. 
S2: Ya. 
S3: Ya. 
T: You know what mass is? 
S2: Ya, ya. 
S1: Ya. 
T: You know what the initial velocity is? 
S2: It '.I' what we are lookingjor. 
T: What! 
S2: It's 'what we are lookingjor. 
T: No it isn't! You are no! lookingjor the initial velocity at all, read the question. 
S3: Oh .. ok 
S2: Oh we are lookingjor the final velocity. the initial velocity we know. 
{The tutor then leaves.} 
S3: Oh, ok 
SI: Hmv were we supposed to h10W that ? So this is (111, 1112), in this case it isjust tn ... 
S3: Ah this change in thing, ya we have got m and we have the ... 











S3: fa and we can put the, the we have got m we have got vfil1u! minus V Il1 !11rl!' so we", 
SI: And what is ? 
S3: We are looking for the ... the, that's lel'haf we are looking for. We have gOI Vlillul Villi/iat 
so we taking this 27. 
S2: Ii's 2. 7. 
S3: Oh 2. 7 minus 2k. 
SI: Is that the change in momentum? 
S3: Ya because, because it ;s equal to this and equals to that ... (pointing to formula on 
paper). 5,'0 we this now. 
5.5.2 Analysis of Case Study E 
In order to proceed with this problem the students need to know that change in momentum 
(impulse) for a particle is caused by its change in velocity. Integration is a necessary 
mathematical skill to solve the problem numerically. The students sLlccessfully perform the 
integration but they cannot determine the velocity. Although they "correctly" followed the 
procedure, they did not relate this to their understanding of the situation. Their focus of 
awareness was identifying the right mathematical formula to use and then pattem matching the 
variables, which shows that their goal was getting the correct answer, leading to a medium 
engagement with the task (Table 3.1), 
After calling a tutor and telling her that they have done the integration but cannot find the 
velocity, the tutor uses a balanced approach of questions and answers (see Section 4.1.4) to 
make the students understand that the product of their integration is momentum. However, she 
leaves without checking whether the students can progress with the question or not. The 
students fortunately do progress successfully with this question. 
5.5.3 What the tutor could have done in Case Study E 
Soon after arrival at the group the students tell the tutor that they have completed the 
integration. The tutor could have asked them, "Why did you do the integration?", or "How is 
that going to help you?". After completing the mathematical manipulation, the students do not 
know what to do with the result of their integration. Although the tutor used an effective 
approach to the students' question, it would have been even more useful if she had checked the 












Discussion and conclusion 
6.1 Contrasting the surveys, interviews and the video data 
Students responded to the expectation survey (Chapter 2) by saying that the main purpose of 
small group physics tutorials is to assist them in developing conceptual understanding and 
problem solving skills. Tutors thought that students view the main purpose of small group 
tutorials to help them in that regard. The tutors' views about their own practice was confirmed 
in the interviews with them. The physics instructors also had a similar view about the purpose of 
tutorials in relation to the way they conceptualised their courses. 
The results from the video observations showed that students in physics group problem solving 
tutorials call a tutor for a variety of reasons, but mainly when they are not clear how to proceed 
with a question. In many cases the student's need to get to the "right answer" is driven by a 
desire to finish the task at hand and not necessarily understand the physics involved. This can 
be attributed to lack of engagement with the task, which might be related to low motivation on 
part of the students. During his interview, one experienced tutor, a PhD student, said, "students 
should be self motivated, but what I'm noticing over the last two years is that students have 
been less and less motivated, on the tutoring side it's more and more ... they sit there with a 
blank face, YOll can see that the brain has not switched 011. They are simply waiting for YOll to 
write the answer and that's all they want." 
Many students appeared to have a very casual attitude towards their own understanding of the 
physics concepts. Even when they said that they did not understand the question, more often 
than not they were referring to a procedure rather than the underlying physics involved. More 











match the information glven m the question. This kind of approach leaves the students 
discontented with respect to the purpose of problem solving in physics. Students do not seem to 
have a clear picture of the relationship between mathematics and physics, since the students' 
discussions were characterised by abstract reasoning in the language of mathematics and rarely 
involved thinking to any great depth about the physics involved. Their approach to physics is 
like that of mathematicians to mathematics, where they are only dealing with the structure of 
reasoning and they do 110t take care with what they are talking about, or whether what they say 
is physically realistic (F eynman, 1992). 
The tutors, on the other hand, have been observed in most cases to focus directly on what the 
students are asking for. The difTerent approaches used by tutors can be categorised into 
"tell ing". "formula-centred", "detrimental" and "balanced" approaches, with the formula-
centred approach being the most common. This is in stark contrast with what the tutors claimed 
students thought their role was in their surveys and interviews, i.e. to assist the students in 
understanding of concepts and in developing problem solving skills. In nearly all the examples 
of tutor interactions captured on video, the tutors did not manage to stand back from the 
situation and deal directly with the conceptual understanding of the students. Although all the 
tutors would claim that using appropriate diagrams is crucial to unpacking a problem, hardly 
any of the tutors, when actually interacting with the groups, focused on the need to use a 
diagram, thereby suggesting a serious lack of reflection on their own practice. 
In summary, what the students and tutors claim to be their expectations of physics tutorials is 
very different from what was observed to happen in practice. DiSessa, 1993, calls this a casual 
sense of mechanism, when people gradually acquire an elaborate sense of how things are, what 
sort of events is necessary, likely, possible or impossible, without deep reflection on what is 
actually happening. 
6.2 Implications for tutoring 
The present data, coupled with the result of others (Heller et al., 1992, Linder et al., 1997) 
suggest that tutors can operate in a number of ways in a physics cooperative learning tutorial. 
The optimum mode is that the tutor should be able to move students to a deep engagement 
(Table 3.1) with the task. This is based on the notion that making sense of new information and 











they can adopt by the style of questions that exist on the tutorial sheet, the type of assistance that 
the students may be asking for, and the broader context, which Redish, 2003, calls the hidden 
curriculum. This he describes as the set of ideas and expectations that students bring to class 
about the nature of their own learning, the nature of the discipline they are learning, and what 
they think they are expected by the instructor to do in class. 
6.2.1 Style of tutorial questions 
The nature and style of the tutorial problem appears to be a major underlying factor in 
constructing useful interactions in group problem solving tutorials. The design of an effective 
problem solving tutorial requires more than just assigning a set of back-of-the-textbook type 
problems to the students. In preparing tutorial questions, consideration needs to be given to: 
what the purpose of the tutorial is, reasons why a question is set, what it involves to solve the 
question and what the students will achieve after completing the question. For example, Case 
Study A (Chapter 5) shows a situation where students are struggling to make sense out of a 
physically impossible situation. This problem requires the application of the idea that the bulk 
modulus is given by the ratio of the volume stress to the volume strain. The question assumes 
that the students will understand that the pressure on the cube at a pm1icular depth in the liquid 
will compress it equally on all sides, and that the finite size of the cube should be ignored. 
In view of the fact that students are sometimes not able to distinguish between physics 
procedures and physics concepts, the role that mathematics plays in physics needs to be 
explicitly highlighted. This resonates with what Hestenes, 1992, calls "modeling games". He 
claimed that a major focus of the physics teaching enterprise should be to teach explicit 
modeling principles and model deployment to describe physical phenomena. Allie and Buffler, 
2003, in an introductory chapter of their tutorial manual for students, say that, "it is useful to 
think of physics in terms of a process by which an attempt to model a phenomenon by 
identifying its most important aspects and then reducing, what is usually a complex system in 
the real world, to a more simple, idealized system which can be treated mathematically". 
Tutorial questions have to be varied in scope, in a manner that will capture the complexity of 
way of experiencing phenomena like a learning task (see Section 1.4). The dimensions of 
variation in the questions should aim at the possible outcome spaces, or focus of awareness for 











phenomenographic claim, that learning is only possible through variation (see Sections 1.4 and 
3.4 ) 
6.2.2 Tutor training 
When approaching to assist a group, tutors need to have a "question bag" from which they can 
selcct the most appropriate opening questions such as, ., what question are you working on?", 
"what are you doingT, and "how is it helping you?" Tutors need to discern the right approach 
to lise under different conditions in order to shift the focus of students to the upper level of 
engagement (Table 3.1). This might involve engaging the students in a discussion around the 
critical issues in the problem. It also requires the tutor to know when to write for the students, 
assist with drawing a diagram, answer or ask a question, or refer them to either their notes or 
text. 
Tutors need to strike the right balance between questioning and telling with the intention being 
to engage the students deeply with the task. They need to be able to help students distinguish 
between physics concepts and procedures. The problem analysis sheet (Figure 3.3) might be a 
useful tool for tutors to "unpack" tutorial questions for their critical components, i.e. the main 
areas of physics content that are required to solve the problem, and the main problem solving 
procedures, skills and representations that are required. 
Tutors also need to monitor whether everyone is involved, everyone is talking and that none of 
the students in the group is left out. Before the tutor leaves a group, he needs to make sure that 
he has been understood and that students will progress as a result of his intervention. This can 
be achieved if the tutor asks the students to reflect back to him how the new information is 
going to help them. In a group problem-solving context, the tutor should facilitate active 
participation from all group members, by being able to assess whether or not one student is 
controlling the group or whether a student is being passive. 
In summary, the tutor needs to be a reflective practitioner (Schon, 1987), by being constantly 
aware and critical of his practice. Linder et at., 1997, refer to the kind of reflection that a tutor 
should employ in a tutorial session as reflection-in-action (see section 4.2.1). This they claim is 
when tutors are constantly thinking of the best question to ask, and whether that will lead the 











A proper facilitation of a tutorial with the above components cannot be made on assumptions 
that everyone knows what is expected of them. It implies that tutors need to be appropriately 
prepared so that they synchronize well with the model and the purpose of the tutorial. The 
lecturers, tutors and students did agree in the survey (Section 2.1) that rigorous tutor training 
would improve the tutors' practice. 
6.2.3 "The whole" 
Marton and Booth, 1997, claim that when "the whole" is missing, then learning is likely to be 
ineffective. The ideal situation is that everybody involved should have the same big picture in 
mind and that nothing should be left to assumptions. The students need to be made well aware 
of what is expected from them and why, and be sensitised as to why they are being asked to 
,vork cooperatively. Students need to know the purpose of problem solving and also be made 
aware of their own learning (Linder et al., 1997). 
Any instructional activity that does not relate to the expectation, type and mode of assessment 
that is being used is a futile exercise. The mode of assessment used in tests and examination is a 
significant factor in guiding students to adopt a particular learning strategy. All kinds of 
activities taking place in the group problem solving tutorial should have a direct link to what is 
expected in tests and examinations. Even if students may be doing well in examinations, studies 
such as the force concept inventory (Hestenes, 1992) and concentration analysis (Bao & Redish, 
2001) show the kind of misunderstanding and lack of concepts students have in responding 
"correctly" to test questions. 
Finally, instructors, tutors and students should see group problem solving tutorials in the 
broader context, i.e. how they coexist with laboratories and lectures. Lecturers need to be in 
regular contact with tutors in order to keep them up to date about details of pmiicular courses so 
that students receive a unified message concerning their role. There is need for pre-tutorial 
meetings, where tutors, together with the lecturer in charge discuss not just how to solve 
problems, but more importantly, what questions to anticipate from students and how to respond 
to those questions. In responding to a question from the interviews, a tutor who realised the need 
to bridge the gap between lectures and tutorials said, "You can't expect the tutor to explain all 











The objectives and goals of components of a system and the system as a whole have to be 
explicit. Each tutorial task should have a clear and explicit objective. The sum of the objectives 
of the individual tutorial tasks should equal and synchronise with the objective of the tutorial. 
The clarity of this situation itself redefines the role that the students, tutors and lecturers play in 
running effective physics cooperative problem solving tutorials. :\1eaningful learning will thus 
be achieved only when students understand the whole as well as its parts. Smith et 01., 1991, say 
that motivation to learn is alterable; it can be positively or negatively affected by the task, the 
environment the facilitator and the learner. Learning is more effective and efficient when the 
learners have explicit, reasonable, positive goals and when their goals fit well with the 
instructor's goals. 
6.3 Summary of results 
The present results indicate that students working on tutorials have their focus of awareness 
directed so as to achieve one of the following three goals: understanding the physics, finding the 
right formula to get the answer or getting the task finished as quickly as possible. These foci are 
directly related to the students' level of engagement with the task, which may be characterised 
as deep, medil}I11 or surface. The level of engagement with a particular task (either deep, 
medium or surface) was in turn found to be directly related to the quality of learning taking 
place. The type of activities that students perform in a tutorial setting is however influenced by 
their expectation of what physics is, what it takes to learn physics and what the instructor 
expects them to do in a cooperative learning physics tutorial session. 
Tutors, on the other hand, were found to employ a range of approaches when assisting groups of 
students. These were characterised as the "telling", "formula centred", "detrimental" and 
"balanced" approaches. Tutors were observed in most instances to engage directly with what the 
students asked of them, which in many instances was related to a formula-centred approach to 
the problem. Tutors were observed to be lacking a rigid problem solving strategy as well an 
approach to facilitate evocative learning. Most tutors were observed to be unable to reflect upon 











6.4 Preliminary intervention at the University of Cape Town 
The Physics Department at the University of Cape Town has been using group problem solving 
tutorials for over a decade. Although there are slight variations in the ways that the tutorials are 
run which depend on the class, the instructor involved, and the particular tutors, there has 
recently not been a holistic attempt to improve the quality of these tutorials. 
In response to the present work, and as a step towards meaningful tutor training, two tutorial 
instruments were designed, one for the tutors (Figure 6.1) and one for the students (Figure 6.2). 
The tutors' instruction sheet was designed to be used in conjunction with a pre-tutorial 
discussion, which aimed to provide tutors with some tools. which might make their practice 
more meaningfuL The cartoon for the students (Figure 6.2) was designed to to them a 
brief motivation for why they are being asked to work cooperatively and provide them with 
some tools to interact more effectively amongst themselves and with the tutors. The instruments 
were piloted at the start of 2004. Each student was given the cartoon at the start of the course, 
and the tutors' instruction sheet was used as part of a pre-course tutor training meeting. 
A Ithough this present study did not extend into evaluating the effectiveness of this intervention, 
initial indications were that both the tutors and the students found these sheets to be useful. 
6.5 Future work 
Although our tutors and students appeared to have a reasonable idea of what is expected of them 
in physics group problem solving tutorials, in practice a completely different set of actions took 
place. Future work should therefore concentrate on finding out the reasons why both students 
and tutors cannot put into practice what they both profess to be the right thing to do. 
As much as the need for effective tutor training has been highlighted, there is also a necessity to 
find out what type of sensitisation students should be exposed to in order to maximise the 
benefits offered by group problem solving tutorials. Further work should therefore also focus on 











University of Cape Town 
Department of Physics 
Things to think about when you are tutoring 
physics small group tutorials. 
Before the tutorial. 
Get the questions in good time. 
Work out all the solutions. 
Meet with all the other tutors before the tutorial to check on common strategies to the 
problems. It's no use if you cannot agree on how to do a question amongst yourselves) 
[This requires more planning]: Check that what you tell the students is in line with what 
the lecturer intends. [How will you achieve this?] 
During the tutorial: 
Check that the students are working in groups of three (not 4, 5, 6, ... ) 
Look for dysfunctional groups ... motivate the students to focus on the task at hand. 
Keep circulating. Don't stand still, even if you are not being called. 
Don't hang together with other tutors. 
Don't hang out in a small region of the room. Circulate widely. 
Use simple language when talking to students. 
Be enthusiastic and encourage the students. Don't be condescending. 
Check that the students are using their lecture notes. 
Helping a group: 
Think about your general strategy as a tutor. What is your role? Be careful to strike the 
right balance between giving answers and giving guidance. You don't want to frustrate the 
students and you want the tutorial to be a meaningful learning experience for them. If 
the students don't find the activity useful, then they won't take the time seriously. Be 
careful not to spend a long time (more than 5 minutes) with a particular group. 
There are generally two types of activities: 
... checking on a group without being called, and responding to being called by a 
group. 
Checking on a group without being called. 
Look and see what the group is doing. 
Is everyone involved? Is everyone writing? 
Is one of the three students being left out? 
Go up to the group and ask them: 
What question are you working on? 
What are you doing? 
Why are you doing it? 
How is it helping you? 











Responding to being called by a group. 
When you approach a group, try to leave the control of the situation with the students. 
Don't make a grab for a pen. 
Make sure all three students are focused on the conversation. 
Ask the students which question they are working on ! 
Then ask them what their question is. 
Be careful of "We are stuck" or "We don't know what to do." 
The trick is for you to ascertain what their real difficulty is and to help them get to a 
position where they can progress meaningfully. 
Some useful questions to ask include: 
What number are you working on? 
What is your question? ... and listen carefully. 
Explain to me what is going on in the question. ." don't focus immediately on the formulae 
What physics is important here? 
Would it be useful to draw some type of diagram? 
Some questions to avoid completely: 
What equation must we use here? 
... ones which result in "yes" or "no" answers. 
Before you leave the group: 
Ask the students whether everyone understood what you explained. 
Check on all three students. 
Ask one of the students to explain back to you what just went on. 
Check on the same group about 5 minutes later to see if everything is OK. 
The most common problem with tutor-student interactions occurs when the tutor assumes 
(incorrectly) that the students have a particular understanding. This generally occurs in 
two areas: 
0) The students have not understood the problem situation ... and both tutor and 
students are focusing on equations. Always make sure that the students 
understand what is going on in the question before you go for mathematics. 
(ii) The students have not understood what the tutor has explained ... the tutor 
leaves the group without checking. The students have given the tutor a false 
sense of understanding. Ask the students to reflect back to you what you have 
just explained to them. 











What I really want to 
know is why we have to 
work in groups of three 
during our physics 
tutorials I 
Well, companies and institutions that employ 
science and engineering graduates rate the 
ability to work as part of a team as one of 
the most important skills they want their 
employees to have. Knowledge and technical 
skills are of no use if you cannot apply them 
in cooperative interactions with other 
people. 
r am grateful that when I was in first year 
last year r was given the opportunity to 
work with other students in class. I am 
very shy to ask questions during lectures, 
but when I am working in a group I am able 
to ask all the questions I need to. 
Learning to work with 
others is fine, but what 
about my physics? I am 
determined to do well. 
Mmmm ..... 
I see what 
you mean. 
I am sure that you will agree 
with me when I say that I 
understand something better 
when I am actively involved 
in a learning activity. When 
I just sit in class and listen 
to the lecturer I cannot 
remember much of what is 
said, no matter how 
interesting the lecture is. 
But won't my 
marks be 
poorer if I 
have to work 
with my class 
mates? 
I also thought so at 
first. However, after a 
while I found that as a 
group we were able so 
solve far more difficult 
problems than I could do 
on my own. We were 
also able to practice the 
problem solving 
strategies that we need 
to master so that when 
I was alone I found that 
I didn't get stuck as 
often. 
It's like learning to play tennisl No 
matter how many times you watch and 
listen to the coach, you only learn when 
you take the racquet and hit around 












You know, sometimes 
I don't want to explain 
something to someone 
else because I am 
afraid that I might 
confuse myself. 
What can I do 
so that our 
group works 
well together? 
Don't worry. Resolving that 
type of confusion is an 
important part of the learning 
process. When you talk 
about the physics in a group 
you will come away with a 
better understanding of both 
the abstract concepts and the 
problem solving techniques. 
What if I am put in 
a group with people 
that I don't get on 
with too well? 
I have found that even when 
I think that I don't get on 
with someone, after a while 
when we have focused on what 
we have to do, things actually 
turn out fine. I have rarely 
met anyone that I can 
absolutely not work with. 
But anyway, the groups don't 
stay together permanently, so 
you won't be with the same 
people forever! 
There are a number of things that you 
can do in a group that will help you to 
work together better. The most important 
is that everyone has a turn to participate 
and explain their understanding and 
reasoning. You therefore need to contribute 
and listen carefully to what your group 
members are saying. 
Check that everyone understands before 
moving on. Don't exclude people by using a 
language that one person doesn't understand. 
When you are stuck on a question, there are a number of questions that you 
should ask yourselves before you call a tutor: 
• Do we understand the question ? 
• What physics is involved in the question 
(e.g. projectile motion, conservation of momentum, ... ) ? 
• Are there any special procedures needed e.g. adding vectors? 
• Have we consulted our lecture notes ? 
• Would it be useful to draw a diagram? 
• What question are we going to ask the tutor? 
... this is very important ... it's no use saying to the tutor, 
"We're stuck" ... or ... "We don't know what to do." 













CAPTEX expectation survey 
University of Cape Town 
Department of Physics 
Cape Town Physics Tutorial Expectation Survey 
Circle your course code: 
PHYl2lFIl22S PHY131FIl32S PHYIIOW PHY123H PHY124F PHY134S 
Below are 25 statements, which mayor may not describe your beliefs about first year physics at 
UCT. You are asked to rate each statement by circling a number between 1 and 5 where the 
numbers mean the following: 
1: Strongly Disagree 2: Disagree 3: Neutral 4: Agree 5: Strongly Agree 
Answer the questions by circling the number that best expresses your feeling. Work quickly. 
Don't over-elaborate the meaning of each statement. They are meant to be taken as straightforward 
and simple. 
If you don't understand a statement, then leave it blank. 
If you understand the statement, but have no strong opinion, then circle 3. 
A 1 One of the main skills for me to get out of Physics I is to learn how to 
solve physics problems. I 2 3 4 5 
A 2 When learning physics, I find it helpful to make explicit connections to 
the everyday world. 1 2 3 4 5 
B 3 I think that "problem solving" in physics basically means matching 
problems with equations and then substituting values to get a number. 1 2 3 4 5 
c 4 I think that working with other students in small group problem solving 
tutorials is an effective way for me to learn physics. 1 2 3 4 5 
A 5 I spend a significant amount of study time trying to understand the 
derivations or proofs given in class. 1 2 3 4 5 
c 6 I think that it is important for the lecturer to explicitly develop problem 
solving strategies in lectures. 12345 
B 7 I use my physics textbook regularly. 
1 2 3 4 5 
A 8 When an exam or test is marked, most marks should be allocated to the 
final answer only. 12345 
c 9 I find that the best way for me to learn physics is by solving many 











c 10 I think that it I1IC"":>:>UlY for the lecturer to meet regularly lith the 
class in order to prepare them for tutorials. 
B II The lIe of the tutor in a tutorial is to assist the students with 
conceptual understanding, rather than providing us with the right answers 
to the specific problems. 
A [2 The physics lecturer should think about his or her own experiences as a 
student and relate them to the topic being taught in lectures. 
C 
._ ... _ ..... 
13 In order for small group tutorials to be effective, the tutors need to be 
appropriately trained. 
c 14 I think that spending a lot oftime (halfan hour or more) working on a 
single physics problem is a waste of time. 
B 15 I think that I do not have to understand the concepts behind the equations 
used to solve a particular problem. 
c 16 When first year physics exam problems are marked, a significant 
emphasis should be placed on the problem solving method used by the 
student. 
AI 17 I An important skill for me to get out of Physics I is to learn how to reason 
I logically about the everyday world. 
c 18 The lecturer should attend the afternoon tutorials for his or her class for 
at least part of the time. 
B 19 I think that physics has I ittle relation to what I <;;XfJ<;;I.".",,; in the everyday 
world. 




The most crucial thing in solving a physics problem is finding the right 
equation to use. 
I think that if I have all the required equations on my formulae sheet, 
then I will do very well in the exam. 
When I solve a physics problem, I explicitly think about the concepts that 
underlie the problem. 
24 Physics should help me better understand situations in everyday life. 
It is possible to pass Physics I without understanding physics very well. 
I 2 3 4 5 
1 2 3 4 5 
J 2 
.., 4 5 .) 
1 2 3 4 5 
1 2 .., 4 5 .) 
1 2 3 4 5 
1 2 .., 4 5 .) 
1 2 3 4 5 
1 2 
.., 
4 5 .) 
I 2 
.., 
4 5 .) 
2 
.., 
4 5 .:l 
2 
, 4 5 .) 
2 345 
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1 2 3 4 5 
1 3 9 19 88 75 
2 1 11 38 79 55 
3 44 70 5 56 9 
4 10 7 32 68 59 
5 3 65 74 24 7 
6 2 6 19 82 84 
7 4 12 23 60 92 
8 121 44 17 5 7 
9 7 15 50 56 61 
10 2 2 20 77 89 
11 1 1 17 92 83 
12 5 6 54 71 57 
13 2 1 6 64 113 
14 34 44 52 32 32 
15 92 57 21 9 6 
16 4 14 37 73 66 
17 1 0 31 86 76 
18 1 1 32 71 79 
19 65 80 30 10 7 
20 1 17 33 83 53 
21 16 25 58 64 31 
22 48 62 42 22 8 
23 5 14 15 95 41 
24 0 7 28 113 38 
















1 2 3 4 5 
1 5 7 15 27 44 
2 1 14 31 44 34 
3 28 51 13 13 7 
4 7 6 12 42 56 
5 18 27 38 30 10 
6 1 3 7 40 75 
7 32 24 32 25 9 
8 83 23 13 4 2 
9 9 18 27 31 39 
10 1 1 19 33 71 
11 1 5 5 40 74 
12 8 4 25 35 51 
13 3 4 9 38 70 
14 28 17 36 24 20 
15 65 28 13 12 3 
16 4 1 32 42 17 
17 2 5 21 41 55 
18 1 3 21 49 49 
19 35 31 26 16 12 
20 6 5 16 28 68 
21 23 19 29 25 27 
22 24 29 26 28 16 
23 1 8 35 47 27 
24 4 22 53 44 












Responses to CAPTEX survey by physics tutors 
Tutor's name 
Question I Mike Nawahl Celia 
I 
Trevor Mira I Bruce ~encer Average 
1 5 3 5 4 4 
• 
4 4 4.1 
• 
2 5 5 4 4 4 3 4 4.1 
3 4 5 4 5 2 3 4 3.8 
4 4 4 3 5 5 4 3 4.0 
5 5 1 I 4 4 4 5 5 4.0 
6 5 4 2 a 3 4 ! 5 4.0 
7 5 3 3 2 5 3 4 3.5 
8 1 1 2 1 1 I 2 1 1.2 • 
9 5 2 2 2 2 4 4 3.0 I 
10 5 5 4 5 5 4 4 4.5 
11 4 5 4 5 5 5 5 4.7 i 
12 I 3 5 
ill 
4 2 4 3 3.5 
13 5 5 4 4 5 5 4.5 
14 1 3 4 1 5 1 2.8 
15 4 4 5 2 3 3 3.5 
16 2 4 4 4 2 4 4 3.4 
17 5 5 5 5 1 5 I 5 4.4 
18 5 5 3 4 4 3 5 4.1 
19 4 5 3 5 2 3 5 3.8 
20 2 1 3 1 4 3 2 2.2 
21 4 i 1 2 1 1 1 2 1.7 
~ ...... 
22 3 2 5 4 1 . 3 3 3.0 
23 5 I 5 5 5 5 5 4 4.8 
24 4 I 5 5 4 5 • 4 4 4.4 

















I l:"Ton. CAD RDV . CMC SMP DGA i ZZV DEF DTB Avg 5 3 5 4 4 4 5 5 4 4.3 
4 5 5 5 5 4 5 i 5 I 5 4.7 
i 3 4 5 5 4 i 3 4 4 4 4 4.1 
i 4 4 3 5 4 5 3 i 4 4 4 i 4 
L 5 2 2 5 3 4 
I 4 5 5 
- I 4 3.7 
6 i 4 5 5 5 4 2 5 4 3 4.1 
7 2 3 3 2 3 2 2 3 i 4 2.6 
8 1 I 2 3 1 1 2 2 2 1 1.6 
9 4 3 1 2 2 5 3 5 i 3 3.1 
10 3 2 3 4 4 4 2 R 4 3.2 11 3 5 5 5 5 5 5 4 4.5 I 12 1 5 3 5 4 4 2 4 3.4 i 
13 3 5 5 4 5 4 3 4 4 4.1 
14 1 i 1 1 2 2 2 3 1 2 1.6 
15 2 5 5 4 4 3 1 1 4 3.2 
! 16 4 3 5 ! 2 5 4 4 3 4 3.7 i 
17 3 5 5 5 5 4 5 5 4 4.5 
18 3 2 3 5 5 4 4 1 3 3.3 
19 4 3 3 3 3 4 4 3 4 3.4 
20 3 3 3 5 3 2 2 3 2 2.8 
21 1 1 3 2 1 3 4 5 2 2.4 
i 22 4 4 3 3 3 4 4 2 4 3.4 
23 4 5 5 5 4 4 5 4 4 4.4 
24 4 5 5 5 4 3 3 4 5 4.2 























Exercise No of Students Time 
Tutorial6B 6 1000 - 11 00 
Worksheet 3 6 1400 - 17 00 
~.~--+------------+-~~-------~ 
Tutorial 3 6 1400 - 17 00 
Tutorial 7 A 6 10 00 - 11 00 
030403 
040403 
P110W i _T_ut_or_ia_14_--+ __ ... __ 6_ .. ~ ___ -+_1_4-,-0-,-0_-_17--,-00----i! 
P110W Tutorial 4 6 08 00 - 09 00 
040403 P123H Tutorial7B 6 i 1000 11 00 
10 04 03 P123H Tutorial 8A 3 10 00 11 00 
110403 i P123H Tutorial8B 3 1000-1100 
220403 • P121F Tutorial 3 3 1400-1600 
· 240403 P123H Tutorial9A 3 1000 -11 00 
'25 04 03 P110W Worksheet 9 3 08 00 09 00 ! 
.------~--+---'-~~.~~-"--~--~----~~---'-~~~~~ 
25 04 03 P123H Tutorial 9B 3 10 00 - 11 00 1---... . .. --~-:---'--'--'--'-=--..;...""--------+---------=-------'---'--'--'--'------'--~ 
08 05 03 P 123_H_+-i _T_ut_o_rial_11_A~r---... __ 2 _____ i-' ~1.~ 0_0_0_1_1_0_0---1 
· 120503 P110W Tutorial 4 6 1400 - 17 00 r----.. --'--'--.\-----'-----i---------
150503 P123H Tutorial12A 3 1000-1100 i 
r-~-1-6 O-S 03 Pi2 3 H Tutorial 12_B_ .1--___ -=-3 ... _~~ __ .+_-,-,1 0=-0-=-:0=--_11Jl~U 
20 OS 03 Pi23H Worksheet 8 3 14 00 - 17 00 . 
i 
220S~0~3~~~Pi=2~3_H~ .... ~-T-u~t-'-or~ia~I-'-13~A-'--~!-----~3~-_~-1-0-0-'-0--_1-1~0-'-0~ 
I 118500_~77_00~3~ ___ P1_2_3_H~ .. _~Ex=e=rc=is~e~9_+-... ___ ~3 ___ ~~1~4~00---'-117~0~0 P123H Tutorial 1 3 1000-1100 
· 220703 P122S Tutorial 1 4 1400 1700 
i 230703 P110W Tutorial 5 5 1400 -17 00 i 
240703 P110W Tutorial 5 3 1400 17 00 
250703 P123H 
· 2907 03 P123H 
~03 P132S 
~03 i P123H 
• 06 08 03 P 11 OW 
Tutorial 2 
Group task 1 
Tutorial 1 
3 1000 - 11 00 
3 1000 - 11 00 
3 14 00 - 17 00 
Tutorial 3 3 10 00 - 11 00 ! .. _ ... -+-___ ~__ -+_~C---_'_'_'_~---, 
Tutorial 6 3 14 00 -17 00 I 
~-+-----~---~-~--~ 
0708 03 Pi23H Tutorial 4 3 10 00 - 11 00 
~~~~--+----~--_+--~~-----r---------~---
120803 P122S Tutorial 2 3 1400 - 17 00 
150803 P110W Worksheet 18 2 0800 - 0900 
i 
150803 P123H Tutorial 5 3 1000-1100 
.r-_1_9_0_8_0_3 __ +--_P_1_2_3_H_+-_Groupta~sk~2~L-___ -=-3 ___ r-_'_14-,--=-00~-1~7_,_0~0~ 
120903 P123H Tutorial8B, 3 I 1000-1100 
180903 P110W Tutorial 9 3 1400-1700 
i 190903 P123H Tutorial 9 3 1000-1100 i 
230903 P122S Tutorial 3 6 1400 - 1700 I 
250903 P110W Tutorial 10 3 1400 -17 00 
260903 P123H Tutorial 10 3 1000 -1100 
• 300903 P123H Tutorial 4 3 1400 - 17 00 
r---~~--+---~---+--~~~--~---------+-----'---~~ 
I 031003 P123H Tutorial11B 3 1000 1100 
09 10 03 P110W Tutorial 11 B i 3 14 00 - 17 00 













Solution, Problem Analysis Sheet and Video Analysis Sheet for 
Case Study C 
(a) Solution 
Solid Liquid 
.,. When water boils it changes state from a liquid to a gas. 
When it freezes it changes from a liquid to a sOlid. 
,. The temperature (which is kinetic energy of its molecules) at 
which these changes take place is dependent on the 
atmospheric pressure. 
"r Atmospheric pressure is more at sea level and less when one 
goes higher. 
"r One needs more energy (higher temperature) to boil water 
at sea level (cape TOWn») because the pressure to overcome is 
higher than in Jo/burg. 
>- One needs lower temp to freeze the water in Jo' burg than 











(b) Problem Analysis Sheet 
University of Cape Town 
Department of Physics 
Problem Analysis Sheet 
Analysis completed by: _Reuben_ 
Class: PHY 123 H Tutorial no.: 11 Problem no.: 
A. The problem: 
Water boils at 100°C and freezes at 0 °C for sea level atmospheric pressure (Cape Town), At lower 
atmospheric pressure (e,g, Joharmesburg, where altitude is 1,6 km) the same will boil and freeze at 
different temperatures. Explain this difference in detail. 
B. List the main areas of physics content that are required to solve this problem: 
Thermodynamics: Effect of temperature variation on fluids 
Atmospheric pressure: variation with altitude 
C. List the main problem solving procedures, skills and representations that are 
required for progress with this problem: 
Conceptualising how atmospheric pressure; which depends on altitude, has an influence on the 











(c) Video Analysis Sheet 
Seating arrangement: 
Analysis completed by: Reuben 
Date of tutorial: 03110 12003 
Tutorial no.: 11 
Tutor's name: R 
(M)ale or (F)emale: 
University of Cape Town 
Department of Physics 
Video Analysis Sheet 
Time: 10 00 - 11 00 
Question no.: 2 
Group no.: 42 
T 
Class: PHYl23H 
Venue: Room L 
Call no.: 2 
Predominant language used by group: 
SI: M S2: M S3: M 
English 









__ Check progress of group 











A.3 Give particular details about why the tutor is called, with reference to "problem information" 
sheet: 
Effects of atmospheric pressure change on boiling and freezing 
A.4 Consensus to call tutor: S1: 
A.5 who calls the tutor SI: 
(B) Tutor interaction: 
B.I Time that tutor spends with group: __ - minutes 




Who speaks first? 
Who asks first question? 
Who takes initial control? 
SI 

















B.5 Has the tutor discerned the exact need 
of the group, with respect to A.3 above? _ '1_ yes _ _ no 
B.6 
Distribution of questioning by tutor: 
B.7 Type of questioning: _ To find where the difficulty is 
__ Socratic (to draw out understanding) 
B.8 
Distribution of telling by tutor: 
B.9 Type of telling: Procedural 
B.1O Does B.7 and B.9 relate directly to the need 




































~ ... yes 
I 
I 
C.2 Is progress made with respect to the reason why the group called the tutor (refer to A.3)? 
yes no 
C.3 SI S2 S3 
Students' need fulfilled (with respect to A.3) ? 
C.4 Tutor called for same difficulty: 
Same tutor Different tutor 
Immediately. Later: minutes 
Comments: 
• This tutor used an almost balanced approach of questioning and telling 
No 
• This conceptual question encouraged active participation among all members of the group 












Solution, Problem Analysis Sheet and Video Analysis Sheet for 
Case Study D 
(a) Solution 
For velocity along the x and y direction: 
v ( t ) = vo + at 
Vox = vo cos oi 
Voy vo sm 0 } 
Vx ( t ) Vox + axt 
50 cos 53 + 0 
~v ( t ) voy + ayt 
= 50 sm 53 ( j ) + 10 ( - j ) t 
For position along the x and y direction: 
x(.t) x +v xt+1I2at 2 () 0'" 











(b) Problem Analysis Sheet 
Analysis completed by: _ Reuben_ 
University of Cape Town 
Department of Physics 
Problem Analysis Sheet 
Class: PHY 123 H Tutorial no.: Problem no.: 2 
A. The problem: 
A ball is projected from the origin with initial velocity Vo, as shown at the right .The initial speed of the 
ball is 50 m/s . Assume that g = 10 tn/s". 
Complete the table bellow indicating the position components at one second time- intervals beginning at 
time zero when the ball leaves the ground. 
(s) 
B. List the main areas of physics content that are required to solve this problem: 
Projectile motion; there is acceleration (downward) only in the vertical direction; acceleration in the 
horizontal direction is always zero; the horizontal component of velocity is the same at all times. 
C. List the main problem solving proeedures, skills and representations that are 
required for progress with this problem: 
Draw the trajectory of the projectile 
Identify the two equation of position and velocity as they apply to projectile motion 











(c) Video Analysis Sheet 
Seating arrangement: 
Analysis completed by: Reuben 
University of Cape Town 
Department of Physics 
Video Analysis Sheet 
T 
S2 
Date of tutorial: 29 107 I 2003 
Tutorial no.: Group task I 
Tutor's name: N 
Time: 1400 - 1700 
Question no.: 2e I 
Group no.: 26 
Class: PHYl23 H 
Venue: Room L 
Call no.: 2 
(M)ale or (F)emale: Sl: F S2: M S3: M 
Predominant language used by group: English 











A.2 Sense of need: _ _ Check progress of group ___ Group needs information 




A.3 Give particular details about why the tutor is called, with reference to "problem information" 
sheet: 
Group needs to know how calculate velocity and position of a projectile at a particular time 
AA Consensus to call tutor: 
A.S Who calls the tutor?: 
B) Tutor interaction phase: 
SJ: 
S I' 
S2: ..J S3: 
-,j -S3: 
B.l Time that tutor spends with group: _ minutes 




Who speaks first? 
Who asks first question? 
Who takes initial control? 
BA Initial tutoring style: 
98 
"Telling" 














B.5 Has the tutor discerned the exact need 
of the group, with respect to A.3 above? 
B.6 
Distribution of questioning by tutor: 
SI S2 
B.7 Type of questioning: To find where the difficulty is 
_ Socratic (to draw out understanding) 
B.8 
Distribution of telling by tutor: 
B.9 Type of telling: Procedural 
B.1 0 Does B.7 and B.9 relate directly to the need 






Before leaving, the tutor checks understanding of: None 








C2 Is progress made with respect to the reason 
why the group called the tutor (refer to A.3)? 
C3 
Students' need fulfilled (with respect to A.3): 
C4 Tutor called for same difficulty: 
same tutor Different tutor 
_ _ immediately later: minutes 
Comments: 






























Solution, Problem Analysis Sheet and Video Analysis Sheet for 
Case Study E 
(a) Solution 
J= f f(t) dt = oP 
; 
f [(1- t)-i + t2:J k Jdt 
o 
[(t t2!2)i+t3!3}-tk] 
= 8! 3) 2k = P = rnv 











(b) Problem Analysis Sheet 
University of Cape Town 
Department of Physics 
Problem Analysis Sheet 
Analysis completed by: Reuben 
Class: PHY123 H Tutorial no.: 12 Problem no.: 
A. The problem: 
Impulse J is defined as the integral of force with respect to time and is also equal to 
change in momentum, as indicated below. The integral is evaluated over the time that 
the force is applied 
J = Jf (t)dt = i~P 
Find the impulse of the force F = (J - /)i + /2; - k between t ::-c: 0 and t = 2 seconds. What 
is the final velocity of a 4 kg object if this impulse is applied to it while travelling at 
I ms· l in the i direction. 
B. List the main areas of physics content that are required to solve this problem: 
Momentum: a product of mass and change in velocity P =mD. v 
Impulse: the change in momentum 
C. List the main problem solving procedures, skills and representations that are 
required for progress with this problem: 
Integration: 











( c) Video Analysis Sheet 
Seating arrangement: 
Analysis completed by: Reuben 
Date of tutorial: 16! 05 /1003 
Tutorial no.: 2 
Tutor's name: C 
(M)ale or (F)emale: 
University of Cape Town 
Department of Physics 
Video Analysis Sheet 
Time: 1000 II 00 
Question no.: 2 
Group no.: 17 
Class: PHYI23H 
Venue: Room L 
Call no.: 2 
Predominant language used by group: 
SI: M S2: F S3: F 
English 





A.2 Sense of need: 
__ Check progress of group 
_ -,j,_ Group stuck on problem 
SI S2 





A.3 Give particular details about why the tutor is called, with reference to "problem information" 
sheet: 
Group needs to know how to find velocity after doing the intergaration 
A.4 Consensus to call tutor: 
A.S Who calls the tutor?: 
(B) Tutor interaction: 
SI: Y 
S 1: 
S2: Y S3: 
S3: 
B.1 Time that tutor spends with group: ,_ minutes 




B.4 Initial tutoring style: 
102 










B.5 Has the tutor discerned the exact need 
of the group, with respect to A.3 above? 
B.6 
Distribution of questioning by tutor: 
Yes 
B. 7 Type of questioning: To find where the difficulty is 
Socratic (to draw out understanding) 
B.8 
Distribution of telling by tutor: 
B.9 Type of telling: Procedural 
B.1O Does B. 7 and B.9 relate directly to the need 






Before leaving, the tutor checks understanding of : None 
~. ks~ I~ S3] 
Content 
Yes 





C.2 Is progress made with respect to the reason 
why the group called the tutor (refer to A.3)'? 
C.3 
Students' need fulfilled (with respect to A.3): 
C.4 Tutor called for same difficulty: 
Same tutor Different tutor 






• Tutor used an approach balanced with questions and information (almost Socratic) to draw out 
understanding 
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